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Preface 


This book combines features of three generally 
distinct genres the textbook, the mono- 
graphic treatise, and the polemical tract It is a textbook in that 
it seeks to furnish an introduction to basic issues in the theory of 
scientific explanation It is a monographic treatise in undertaking 
a detailed and synoptic survey of various fundamental issues 
centering around the role of laws in explanation Finally it is a 
polemical tract because it adopts a “point of view” and espouses 
certain controversial doctrines both as to the nature of explana- 
tion itself and especially as to the nature of scientific laws 
Throughout, the emphasis of the present treatment of explana- 
tion falls upon the role of laws in explanation and. in consequence, 
on an analysis of the nature of laws 
Some such specialization of emphasis is inevitable in dealing 
with a topic as complex and many-faceted as scientific explana- 
tion To compensate in at least a small way for such one- 
sidedness, a reasonably comprehensive bibliography is given to 
help the reader orient himself in the extensive and ramified 
literature of the subject This should considerably reduce the 
problems that arise for anyone who wishes to pursue the study 
of topics of special interest to him within this field 
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part I 

FUNDAMENTALS OF 
THE THEORY 
OF EXPLANATION 


1 What Is Explanation"’ 

A speaker may explain n hat he meant by a 

certain obscure or equivocal statement An 
agent may explain what his intentions were in performing a cer 
tam action A father may explain to his child u hat causes rain 
At the base of such explanations rests a why question why he 
said what he did why he acted as he did why it rains and so on 
Throughout the generic function of such explanations is to 
rationalize facts to render them intelligible to a mind seeking 
to understand Outside the sphere of theoretical explanations 
of facts there is also a variant category of practical explanations 
that is how to explanations that deal with the procedures or 
performing certain activities (e g dancing a waltz) making cer 
tain things (e g creating a paper airplane) achieving certain 
objectives (e g getting to Singapore) or the like Such practical 
Performance oriented explanations will not concern us at present 
0Ur concern here is with the theoretical understanding onente 
explanations not with the practical activity oriented ones 
II « important to distinguish between explanation and justifica 
tion between giving reasons with respect to some fact at issue 
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«liy it is true rather than reasons n/ij ne say n is true This 
medieval distinction between a ratio essendi (“reason for being”) 
and a ratio cognoscendi (“reason for knowing”) is crucial For to 
answer the question of why some event occurred (say that the 
earth trembled at noon) I must give an explanation of this fact, 
but to answer the question of why I say that this event occurred, 
I may merely indicate that this was reliably reported to me by 
witnesses In ways such as these one can justify making a state- 
ment about something that occurs without giving any explanation 


In explaining a fact we place this fact in the context of others 
m such a way that they illuminate its existence The theoretical 
xplanation of a fact is an account or ,t that deals not merely 
th aspects of nAol it is, but answers the why-question regarding 

It ^mTh anCe ,h " ' S> ‘ hUS rendennB “ s bemB 50 '"telhgible 
( just here that a ratio cognoscendi may prove deficient ) 
An explanation thus consists of two essential parts or com 

5M and m '° bC r P ' a,nCd - “» 

this facMhe exjdanan^ ^ ^ 

familiar "“Th" T*"™* Sa ' d ,0 COns,st « •'■'Auction to the 

familiar S**™ ex P la " a "™ to what 

explanations O ‘ ° V '! b / n ° mcans a necessary feature of 

sits r 0 7, n hi T ws are ano,hers The 

claim that wl ^ mCl w,,h ul,er ^belief the 
certainly suppose 1?? ° ccas,ons became solid One would 

temperatures cnidH h , lha ' Wa,,:r sol “ ,lfi “ * n VC T c0,d 
the ba™ for e T' acce P ,abla «° him, and thus provide 

similarly, when the resident i"ih pr0< ; css f a ’"dtar to him And 
rituals of the tnbe ,„T r amhro P° l °Sist explains the native 

r *— ■ 

cxphnation. not * familiarity " ' 5 1 
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No hard-and-fast line can be drawn between explanation and 
description, for there is certainly a category of “purely descrip- 
tive explanations” that merely explain what something is like. 
what a toothache feels like, say, or how a charging rhinoceros 
looks. Such descriptive explanations are beside the point of 
present purposes; our concern here is with explanations that 
deal with what happens in ways that go beyond mere descrip- 
tion. 

At another level, however, namely, that of the description of 
processes , description does lie very close to explanation. In a 
loose sense, of course, one might “understand why some 
occurrence took place (e.g., why a certain person got angry when 
insulted) without understanding the mechanisms involved with 
how this happens. But before we could appropriately claim to 
have a really adequate explanation of the occurrence one would 
want to be able to answer in a reasonably full way the descriptive 
question as to the how of the occurrence. In this way the rela- 
tively complete (or “adequate” or “comprehensive”) explanation 
of an occurrence would certainly call for a great deal of descrip- 
tive information (quite apart from any descriptions of the occur- 
rence at issue). 

Although explanations in general explicate “facts, actual facts 
are not alone at issue. While a real or genuine explanation will 
give, or purport to give, account of an actual fact, one can also 
give a possible or potential explanation of an assumed or 
hypothetical fact. Thus when a child on a moving train asks 
“What causes the telegraph wires to move up and down?” we 
“explain” this by remarking that they don’t, i.e., by dissolving 
the fact in question, and explaining not the phenomenon but the 
appearance. 

The question may be posed: “What sorts of things can be 
explained — what is the potential range of explanatory problems?” 
The answer is. “Any and all facts whatsoever ” The conceivable 
subjects of explanation therefore exhibit an enormous, indeed 
a limitless variety. The properties and states of virtually 
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anything, any and all occurrences and events, the behavior and 
doings of people, indeed every aspect of “what goes on tn the 
world ” can be regarded as appropriate objects of explanation 
And here “the world” can be taken in the very widest sense, 
including not only the physical universe, but also the “world 
of mathematics" and so on 

Explanation is a basic feature of science Science seeks to 
organize and systematize our knowledge of what goes on m the 
world on the basis of explanatory principles that can afford 
answers to why questions In organizing our knowledge of the 
animal kingdom, for example, we might classify animals in 
many arbitrary ways— say alphabetically rather than by genus 
and species What renders such a classification arbitrary and 
“unscientific” is just the fact that it has no explanatory value, 
it cannot be put to work in giving explanations regarding any 
feature of animate existence say biological structure or 
ecological behavior patterns or the like 


2 The T asks of a Theory of Explanation 

A satisfactory theoretical account of explanation must encom- 
pass at least four tasks (l) It should elucidate the linkage or 
types of linkage that must exist between the cxplanans and 
the cxplanandum if the explanation is to be adequate (2) It 
should provide, at least in generic or outline form, the principal 
considerations bearing upon the correctness and the relative 
strength of explanations, and so also serve to differentiate be- 
tween good explanations and poor ones (3) It should furnish 
the materials for distinguishing between different types of 
explanation, providing machinery for the classification of 
explanations, and bnng out conceptually illuminating distinctions 
between explanations of significantly different sorts, and finally. 
(4) it should illuminate the place of explanation— and especially 
of scientific explanation -in the intellectual scheme of things. 
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clarifying its scope and limits, establishing its relationship to 
cognate procedures such as prediction and retrodiction, and 
depicting its exact role within the overall project of scientific 
understanding. 

The key entry in this list is clearly the second item: the issue 
of the evaluation of explanations. When a child contracts measles, 
this might be ‘"explained” in many ways. For here, as with any 
given phenomena, there are many different potentially applicable 
sorts of explanations: the “germ” theory of infection and the 
occult theory of the evil eye are but two among many ways of 
accounting for the child’s illness. It is obviously a matter of 
critical importance to settle the question of how the relative 
correctness of alternatively possible explanations is to be 
assessed. And in particular it is important to examine in a 
systematic way the exact sources of the superiority of the 
scientific mode of explanation in contrast to other approaches 
such as the prescientific (“common sense”) or the astrological 
or the occult. 

A study of the theory of explanation is of substantial value not 
only in its own right but because of the light it can cast upon the 
conceptual structure of science. The task of explaining the 
phenomena of the world is. after all, one of the main tasks of 
science — indeed many writers insist upon its being the primary 
and definitive task. Be this as it may— and the issue is one to 
be examined in detail below — the clarification of the nature 
of explanation is bound to bring in its wake a clearer under- 
standing of the nature of the scientific enterprise. 

The theory of explanation is a highly interdisciplinary under- 
taking. It is deeply penetrated by considerations from many 
branches of inquiry: logic, epistemology or theory of knowl- 
edge, and the methodology of science above all. Despite the 
fundamental and basic character of the concept of explanation— 
or perhaps because of it — its study is not an elementary discipline 
but the focal point where many inquiries come together. 
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3. The Pragmatic Aspect of Explanation and Its 
Abstraction by Science 

Some facts strike us as more startling or more significant than 
others, and it is these above all that we seek to have explained. 
One does not say “Explain yourself!” to the man who has done 
what everybody else would have done in like circumstances. 
In general, explanations have a setting within a pragmatic 
context in which an explanatory question “arises.” One does 
not just explain something, one explains it to someone (perhaps 
only to oneself), so that the explanatory enterprise proceeds 
within a concrete framework of common inquiry. 

When an “explanatory problem" is posed by the consideration 
of some explanandum, and a suitable explanans is given to 
provide an appropriate “explanatory answer” to it, the upshot 
is a completed explanation. The idea of “explaining” is thus 
basically a dialectical one, involving a question and an answer. 
At bottom, explanation is a process of communication that 
envisages a dialogue of interlocutors, one of whom "explains 
something” to the other by rendering this “understandable” 
to him. Theoretical explanations revolve about questions 
(why-questions) and this business of question-and-answer is a 
fundamentally dialectical process. 

On this approach, explanation appears as a matter of heuris- 
tics— of "rendering something clear to someone” by “putting 
it into a gvaspable setting.” But in jc/en;i/?c explanation this 
hcunstic aspect is attenuated to the point of nonexistence. 
When we consider the topic of scientific explanation, we largely 
abstract from this pragmatic aspect of the interlocutor-involving 
setting within which an explanatory question arises: we imagine 
(or postulate) an abstract, impersonal framework, rather than a 
concrete dialectical setting And we assume a range of ques- 
tions marked off by abstracted conceptual boundaries of a disci- 
pline rather than by the personalized range of interests of an 
indisidual inquirer. The questions that "arise” arc now fixed 
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abstractly (in a subject-matter guided way) by the conventions 
of the discipline that serves to endow with relative consistency 
the changeable vagaries of human curiosity. By means of such 
abstractive conventions science ignores the (undeniably 
authentic) pragmatic settings in which explanatory questions, 
including those with which the sciences deal, initially take 
their root. There is nothing harmful or regrettable about this 
process of abstraction. By this means, science builds up a highly 
versatile tool chest of specific explanatory instruments to 
furnish the instrumentalities concretely needed on various context- 
specific occasions. Scientific explanation is not a matter of a heu- 
ristic designed to make something understood by any particular 
person or group, but of the creation of a context-free body of ma- 
chinery for rendering things understandable. Thus a scientific ex- 
planation does not rest upon the background knowledge that an 
individual may bring to a dialectical situation. It postulates an im- 
personal, Objectified realm of“what is known” (often, no doubt, to 
precious few). This establishment of an inlersubjective realm of 
facts and generalizations (codified as natural laws) that have become 
“accepted” is a fundamental feature of the scientific enterprise. 

In consequence of this approach, the discussion of scienti c 
explanation casts off any recourse to the social realities ot an 
“explanation” in the sense of an interpersonal exchange between 
interlocutors. The issue is an abstract one dealing with the 
logical cogency of certain explanatory arguments, and involves 
no empirical reference to what facts may be known to certain 
individuals or what modes of argumentation may strike them as 
persuasive. The pragmatic, context-dependent aspect of “expla- 
nation" in its ordinary sense is put aside, or rather abstracted 
from by scientific explanation, which takes the character of an 
essentially logical resource: reasoning to the explanatory 
conclusion at issue by rigorous principles of inference from 
premisses that provide information postulated as interpersonally 
known or accepted. Such logical rigor of argumentation is the 
foundation of scientific explanation. 
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It might be countered that to say this is to do no more than 
state a remote ideal at which scientific explanation aims “After 
all ” it might be objected, “a logical argument is, if valid at all 
valid forever, whereas a scientific explanation that justifiably 
appeared cogent in the days of Lavoisier might well be viewed 
as extremely deficient by present-day standards ” But this 
objection misses the crucial point No doubt we would regard 
many of the plausible explanations of 18th century chemistry 
as defective but we would do so because we reject the explana 
tory premisses they employ, and not because these premisses 
somehow nowadays support the conclusion less effectively than 
they once did In this way. scientific explanation calls for 
arguments to factual conclusions made by tunelessly cogent 
modes of inference from premisses vulnerable to the changes 
of progress reflected in the successive stages in the “state of 
our knowledge” regarding the workings of nature 


4 What Makes an Explanation Scientific? 

Scientific explanations have their starting point in the occur- 
rences of nature - all of nature, including man and his works The 
first step in science, as indeed in the prcscientific, common sense 
explanation of what goes on, is the subsumption of observed 
events under established generalizations The paradigm of a 
scientific explanation is given by arguments of a very simple and 
straightforward sort 4 Why did this water boil 0 Because it was 
heated to 100°C, and in these altitudes water always boils at that 
temperature " But science of course does not restrict itself to 
generalizations of what is encountered familiarly in everyday 
experience Its methods of observation arc vastly extended, its 
generalizations arc empirically based h>pothcscs of a complex, 
highly contrived sort that have been tested and established 
(or at any rate tentatn el > established) ui observational situations 
w hich mij . under laboratory conditions, be extremely artificial 
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Science thus strives to explain both the spcci ic concre 

occurrences of nature and the general, abstract laws wit w leu 

works in explaining such particular occurrences. The asic 
pattern is essentially the same throughout: occurrences are e - 
plained by subsumption under (complexes of) genera izations o 
laws, and these laws themselves by subsumption under (com- 
plexes of) other laws of higher generality. (This last-name en 
dency builds into science its striving for ever greater genera 1 y. 

When giving an explanation in actual practice one may, 
course, cite only the law that is applicable or on y t e ac s 
are called for when applying the pertinent law. What exp am 
the door’s being open? -Henry opened it. What explains 
moon’s orbit? Newton’s law of gravitation. In the former case 
law is explicit, in the latter no specific facts, uc exa J 
however, do not establish the dispensability o t e unm 
factor: they merely show that something can e e 
discussing a context where its presence is more or ess 
Scientific explanations are invariably subsumption argument* 
that cite facts to establish an explanandum as a spcci. 

within the scope of lawful generalizations. th 

The explanatory use of probabilistic generalizations - -rather 
than strictly universal ones -constitutes no exception o 

this. If we know that 82 per cent of all male adults exposed to 
virus X in a certain manner contract a certain d— ehenjuven 
his exposure to virus X in the relevant manner one can expla n 
Smith’s contracting the disease by a subsumption argumenl wUh 
reference to the probabilistic generalization at issue. The nam e 
of the “subsumption” that is at issue m ^= h P robab ' ^ 
explanations is complex. This will obviously not be a deductive 
subsumption of the type: Daisies always wilt when parched and 
so this parched daisy wilted. But this is a complex and Aflicuh 
matter to which we shall have to return at considerable length. 

The “scientific spirit” calls for the use m explanations of ,cs ,ed 
and confirmed generalizations that have been qualified by the 
evidence for acceptance as laws. This ,s a pivotal aspect of 
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To explain a fact scientifically is thus to adduce reasons to 
show why this fact obtains rather than some one among its 
possible alternatives. This requires going beyond establishing that 
the fact is actually the case to showing that (in some sense) it 
had to be the case— that it was necessary and inevitable, that it 
should be so— or at least probable and “to be expected.” We 
may refer to this requisite of a scientific explanation as its modal 
aspect. That scientific knowledge demands such a modal condi- 
tion was already clearly seen by Aristotle, who wrote: “We 
suppose ourselves to possess unqualified scientific knowledge of 
a thing, as opposed to knowing it in the accidental way . . . when 
we think that we know . . . that the fact could not be other than 
it is.” 1 

Now from what source do explanations obtain this modal 
aspect of necessity or— at the minimum— probability 1 The answer 
is that they obtain this from one source alone: their use of laws. 
For as we have already seen, scientific explanation proceeds by 
subsumption under laws, by placing the item to be explained as a 
somehow special case within a framework of generalizations that 
are taken to state how things must operate within a certain range 
of phenomena. This tree "must” shed its leaves in the fall because 
it is an elm and all elms, being deciduous, must shed their leaves 
in the fall. It is this subsumption under laws that endows scientific 
explanations with their modal aspect, for laws lay claim to a 
nomic necessity that they can transmit to the particular cases 
that are subsumed under them. 

We can see from this angle of approach how the result of a 
scientific explanation acquires the aspect of nomic necessity. If 
the explanatory laws in question purport to state — explicitly or 
implicitly — how things must go in all cases of a certain sort, then, 
since the scientific explanation takes the form of a subsumption 
argument, the conclusion of the explanatory argument will 
also state how matters "must" go. In the application of laws to 


1 . Anal, lira rostmora 1.2: 7 lb 8 I 
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special cases, a subsumption argument will transmit the 
necessitarian aspect of the laws to the derivative explanatory 
conclusion. 

The explanatory use of laws is not just a de facto actual feature 
of scientific explanation: it is absolutely indispensable. Only a 
subsumption-under-lasvs procedure can achieve the aims that 
scientific explanation sets for itself: without this recourse to laws, 
scientific explanation would be impossible. The explanatory 
argument could not endow its conclusion with the requisite 
modal coloration of necessity (or probability) if it did not invoke 
universal (or probabilistic) generalizations in an appropriate way. 
This, of course, merely shifts the problem one step backward for 
the question remains: Whence do laws get the modal force which 
they are able to transmit to the special cases subsumed under 
them in explanation? This question of the source of the nomic 
necessity of scientific laws is of crucial importance for the theory 
of scientific explanation. We shall return to this key issue at 
considerable length in Part III, for the present giving only a 
brief indication of the direction in which an answer to this 
question may be sought. 

In science, a genuine law— and this is something on which 
philosophers of science seem to be agreed— must be unrestricted 
in its applicability by considerations of space, time, and actuality: 
it must make no reference to specific sectors of actual space-time. 
•‘All elms are deciduous” will qualify, but not “All the elms in 
Smith’s yard . . .,”or“Allthee!msexistingpriortOA.D. 2000 . . 

or “All actually-to-be-obscrved elms " A genuinely 

scientific law will have to eschew any such particularizing 
references; it will state, or purport to state, not just how things 
“arc” in a certain sector of nature as regards those items specifi- 
cally at issue, but how they “have to be“ in general, in all actual 
and even hypothetical cases of the relevant sort. 

The origin of its modal force lies in the sort of generality that 
is claimed for a generalization in classing it as a law. In holding 
that the generalization is unrestrictedly applicable to cases of the 
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relevant sort— that it applies without restrictive boundaries 
confining its potential applicability to limits in space, time, or 
actuality— we insist it does not only hold for those cases we have 
examined to date, but to all possible cases, specifically including 
unexamined ones, future ones, and even hypothesized ones. A 
law is more than a summary of observed experience: it lays claim 
to a generality of a very strong kind. Yet lawfulness is not to be 
equated with unrestricted applicability pure and simple. A 
generalization could be spatio-temporally limited but yet lawful. 
The critical factor is the crossing of the boundanes of the actual, 
so that the generalization is endowed with hypothetical force. 
Even if there are spatio-temporal limitations, the generalization 
would apply not only to the actual objects (of the appropriate 
kind) existing within those space-time limits but would be held 
to apply also to all possible objects within these limits. And just 
this claim to applicability would render the generalization lawful. 
(This point will be stressed in the discussion of limited historical 
laws in Appendix 1.) The nomic necessity of laws is a reflection— 
or, strictly speaking, a consequence — of this strong mode of 
generality. The “must” or “has to” of nomic necessity is another 
way of insisting that the law holds good in all possible cases of the 
appropriate sort. To be unwilling to make this claim in behalf of 
a generalization is to be unwilling to accord it the status of a 
scientific law. 

The development of the argument of the last two sections can 
thus be summarized as follows. A scientific explanation will be a 
subsumption argument whose major premiss is a suitably lawful 
proposition. It is a feature essential to lawfulness that, in view of 
the sort of generality requisite for lawfulness, there be present 
the clement of nomic necessity reflecting how things “have to 
be” in some sector of nature. A recourse to laws is indispensable 
for scientific explanation, because this feature of nomic necessity 
makes it possible for scientific explanations to achieve their task 
of showing not just what is the case, but why this is the case. 
This is achieved by deploying laws to narrow the range of possible 
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alternatives so as to show that the fact to be expla.ned "had to" 
be as It is, in an appropriate sense of this term 


6 Explanation and the Coherence of Laws 

Se f nera ' ,Za " 0nS are -satisfactory 

rema hHav tha ,h SC ' e " ° Unders,and '"S When one only 

wittfchanges in^he weadier^hat^d" * ' 3 ba ~ ' S ~« ad 

tory purposes Now thlre ^ " 0t S ° Very far for “P'ana- 
empirical ”'5 “ ^ 

-ns function one '^dT someT ?*’ "V™ ^ 
operand t at issue This is someth ° erStand,n S of the modus 

by itself is in no position to supply m8an empmcaI 8eneral«zat.on 

>" «* -.story Of biology, 
evolution but its establishment Poor to h " Iheory ° f 
s.mply a hypothesis, a theory that cou d he "'“r eVolul,on was 
body of known biological facL and that jh k d *° account for a 
But when Darwin's work was a d,d have some adherents 
Placed all its competitors aruTeatnM ' h ' S ‘' hyPOlhesis " - a » «- 
world of biological studies acceptance throughout the 

Just exactly what did Darwin do re k 
the theory of evolutions Prior to n-, bnnS ab ° ut acce P taa be of 
problem which kept evoluhon on the IT" 1 ' ' h ,. ere was one centra l 
possibility, a mere hypothesis Whu ,s ^ *** PUrely ,heor c" ca l 
for the evolutionary development or h C . Soven " n E mechanism 
could be the guiding force to direct the cvn!“f SPeC,es ' > Wha ‘ 
of a new species from older forms of mJbIT^ devdo P menl 
evolution occurred biologists wanted i„i : ' dm,llln E 
occur IO k °ow how n could 

To this problem. Darwin gave an answer at once brdhant and 



Explanation and the Coherence of Laws 


15 


decisive. Horticulturists and animal breeders had long realized 
that it is possible to bring about new biological species possessing 
desirable qualities through supervised breeding of carefully 
selected individuals, that is, by artificial selection. Nature, Darwin 
argued, in fact does just the same, so that we must also recognize 
the phenomenon of natural selection. Darwin shrewdly used 
Malthus’ theory of population to provide the crucial basis for his 
theory. Malthus had maintained, with impressive evidence to 
support his view, that human and animal populations will, if 
unretarded, multiply in geometric proportion, while the supply 
of plant food on which these populations are ultimately dependent 
increases in no more than arithmetic proportion. The result, 
Malthus taught, is a necessary “struggle for survival” among 
animal populations, resulting from mutual competition for a 
limited supply of food. Darwin borrowed this Malthusian idea 
lock, stock, and barrel. It provided the basis for his concept of 
natural selection by the elimination of the “unfit” and the 
“survival of the fittest.” The animal breeder seeking to reinforce 
“desirable” qualities selects his strains for guided reproduction. 
Nature, using the struggle for survival, selects her favorites, the 
fittest to survive. Drawing on Malthus, Darwin put into place the 
missing keystone of the governing mechanism of evolution: 
natural selection. He provided a mechanism for the process of 
evolutionary development that had heretofore appeared in the 
light of “merely empirical generalization” as to the development 
of species. 

This example is an instance of a general fact. An empirical 
generalization is not to be viewed as fully adequate for explana- 
tory purposes until it can lay claim to the status of a law. Now a 
law is not just a summary statement of observed-regularities-to- 
date, it claims to deal with a universal regularity purporting to 
describe how things inevitably are: how the processes at work in 
the world must invariably work, how things have to happen 
in nature. Such a claim has to be based upon a stronger founda- 
tion than any mere observed-regularity-to-date. The coherence 
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of laws in patterns that illuminate the “mechanisms” by which 
natural processes occur is a cntical element- perhaps the 
most important one-in furnishing this stronger foundation, 
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But the fact that the requirement of coherence for explanatory 
laws can be abused does not show that it should not be used 
(Every useful instrument can be misapplied ) And, of course, the 
proper use of this requirement must always be conditioned by 
reference to the primary requirement of correspondence— the 
evidence of tested conformity to fact 2 * * * * * 


7 The Grounding of Explanations Actual versus Possible 
Explanations 

The man who cuts himself when carving the dinner roast might 
have done so “out of simple carelessness” or “because of anxiety” 
(being worried about his health) or “because of ill luck” (having 
walked under a ladder that day) 

What is it that differentiates an actual or correct explanation 
from one that is merely possible or conceivable 9 To obtain an 
answer to this question we must first review the structure of an 
explanatory argument Such an argument m explanation of a 
particular occurrence (say the breaking of a wire) has the follow- 
ing features 

It comprises a set of explanatory premisses including (i) certain 
lawful generalizations (the laws relating the imposed weight to the 
induced stress upon wires and the resultant tensions created 
therein and the laws enabling one to derive from such stresses 
and tensions the breaking point of the wire), and (u) certain 
concrete data to serve as the “boundary-value conditions” for 
applying these laws (the specific characteristics of the wire, the 
weight of the stone the setup of the linkage of wire to stone, and 
the like) Moreover, these materials must fit together in mutual 
accommodation to one another their logical structure must be 

2 The topic of "scientific method,’ dealing with the procedures used in 

scientific inquiry for the establishment of laws is dealt with only rather brtefly 

in this book since it lies somewhat abaft of our main topic of the use of laws For 

an nuthontatis e and lucid introductory discussion, with further references to the 

literature sec Carl G Hcmpcl Philosoph\ of Natural Science (Englewood 

Cliffs NJ 1966) 
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meeting these conditions can qualify under the rubric of “laws” 
fitted for use in scientific explanations. 

An actual explanation, therefore, must conform not only to the 
formal requirement that the explanatory premisses, if assumed as 
hypotheses, will render the explanatory conclusion relatively 
certain or probable; it must also satisfy the material requirement 
that the particular premisses be fact-asserting (true or highly 
probable) and that the general premisses be law-asserting, and 
represent generalizations which, being well confirmed, have 
earned the rubric of lawfulness. 


8. The Classification of Explanations 

Explanations can be classified and cross-classified according 
to a variety of quite different principles. The items of the follow- 
ing list are among the most important distinctions that underlie 
such classifications. We have already considered several of them 
in some detail. 

(A) Classification according to the type of question posed by 
the explanandum. There are (1) explanations of how to do 
or to make something ( practical explanations), (2) 
explanations of what something is like or also of how it 
functions {descriptive explanations), and (3) explanations 
of why a certain particular event took place or a certain 
regularity obtains ( theoretical explanations), etc. 

As explained earlier, the third, theoretical category will 
constitute the focus of our discussion. Explanations of this 
category will alone be at issue throughout the subsequent 
classifications. 

<B) Classification according to the kind of objects at issue in 
the explanandum. For our purposes the most important of 
these will be ( 1 ) particular events or occurrences — which 
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may then themselves be classified further as natural 
occurrences in inanimate nature human actions etc , or 
(2) clusters of the items of (1) (e g the extinction of a 
species or the migration of a tribe), or (3) patterns of 
regularity in the items of (I), such as regularities in nature, 
m human affairs in speech etc 

(C) Classification according to the conceptual machinery 
deployed m the explanans (i e , used in the explanatory 
account) (!) One very important class of explanations is 
the causal explanation of events or classes of events 
And this category can be further subdivided into sub- 
categones there being chemical explanations mechanical 
explanations neurophysiological explanations, etc (2) A 
second category is that of the motivational explanations 
of human actions, either in terms of consciously enter- 
tained reasons or in terms of motivations that need not 
necessarily play an overt role m the conscious deliberation 
of the agents at issue 

(D) Classification according to the strength of the explanatory 
link between explanans and explanandum The most 
important distinction here is between (1) deductive 
explanations in which the explanandum follows as a logical 
consequence from the explanans and (2) probabilistic 
explanations in which tlje materials adduced in explanans 
are such as to render the explanandum probable rather 
than hypothetically certain (i e , certain relative to 
premisses) 

The domain of scientific explanation can effectively be de- 
lineated by means of this group of classifications Typically, 
such an explanation will have the following features 

1 It poses a uJ»j question a reason seeking question rather 
than a descriptive question of the w hat, u hen, or m here, or 
how varieties let alone a practical one of the how to do 
type 
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2. It deals as its object with the occurrences in the natural uni- 
verse, or clusters thereof, or regularities exhibited therein. 

3. Apart from the general fact already emphasized that scien- 
tific explanation is a procedure of subsumption under laws 
no more specific a priori limitations can be imposed as 
regards explanatory machinery. However, at any given 
stage of scientific development certain restrictions may be 
imposed which will epitomize the understanding people 
have— at a very general and fundamental level— as to 
“how things work in the world.” Seventeenth-century 
physicists up to— and indeed beyond — the time of Newton 
were reluctant to accept action at a distance. Scientists 
at most periods since antiquity have been unwilling to 
tolerate explanations in terms of numerological factors, 
astral influences, and the like. 

4. The strength of the explanatory link between the explana- 
tory premisses and conclusion can vary greatly in scientific 
explanation. Although, of course, preferring satisfactory 
explanations of maximal — that is to say, of deductive — 
strength, science recognizes that in some contexts these 
simply cannot be had, and so is prepared to settle, faute de 
mieux , for weaker, probabilistic explanations. 

These considerations, then, serve to define and delimit the 
range of scientific explanations with which we shall be concerned 
here. 

One very basic modem controversy in the theory of explana- 
tion relates to the position taken in item 4. Some writers have 
felt that an explanation cannot possibly be satisfactory if the 
logical link between explanans and explanandum is not airtight, 
and so are not prepared to recognize probabilistic explanations 
as truly scientific. The considerations involved in this issue will 
presently be canvassed in considerable detail, and a justification 
will be provided for the position which has been taken rather 
dogmatically at this juncture. 
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9 The Idea of “Completeness" m Explanation 

Compare the following two answers to the explanatory 
question, “Why did that liquid turn solid 9 ” 

(1) Because that liquid is water, and the temperature fell 
below 32°F, and all water solidifies when kept at a tempera- 
ture below 32°F 

(2) Because that liquid was cooled to a very low temperature, 
and all liquids solidify when kept at a sufficiently low 
temperature 

What is it that makes the first explanation somehow more 
adequate and more “complete” than the second 9 Clearly its 
greater definiteness— that is to say the greater specificity of its 
pivotal law, "Water freezes when kept at a temperature below 
32°F " As compared with the second explanation this gives 
more detailed information (“freezing at 32°F”) regarding a 
narrower reference class (“water”) in contrast with less detailed 
information (‘ solidification at a sufficiently low temperature") 
for a wider reference class (“liquids”) In going to the second 
explanation from the first we have traded specificity of context 
against range of application This is a small (and perhaps harm- 
less) step towards the more and more encompassing global 
explanations that verge on the vacuous— that the occurrences 
at issue happened because “it was the will of God * or because 
• that is how Fate decreed it ’ 3 In the scientific explanation of 
events a loss of precision or definiteness is too dear a price to 
pay for greater generality or comprehensiveness 
Not that generality is not important- but Us place is at another 
level, that of the explanation of laws Thus consider the explana- 
tion sequence that consists of supplementing (1) by the following 
explanation of its key premiss “Why did water solidify when 
kept at a temperature below 32°F*> * 

3 Recall the contemptuous reference in Spinoza s Fihics (Ilk ! Appendix) 
to the w ill of Cod a< ihe refuge of ignorance 
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(3) Because water is a liquid and for all liquids there is a 
certain temperature below which they will solidify. 

This added explanation provides an importantly illuminating 
background for the first. In conjunction (1) and (3) have a 
strength that the vaguer (2), although it is something of a ground- 
floor counterpart of (3), just cannot match. 

There can never be a complete explanation of anything for the 
reverse of the reason that there can never be a complete descrip- 
tion of anything. In describing a man we can go on ad indefinitum 
to give greater detail about more and more aspects — the exact 
shape of his fingernails, lips, and so on. In explaining we can go 
more and more fully into the reasons why of the reasons why. 
Thus although one explanation can certainly be more complete 
than another, no explanation can ever be totally “complete” 
as such. 

Scientific explanations will of course also be incomplete in 
yet another way. exemplified by the continual progress of 
science that leads to a constant revision and refinement in our 
understanding of the laws of nature. The past history of science 
is such as to support a conjecture of infinite perfectability, of a 
continual enlargement of the boundaries of understanding and 
an increasingly larger scale mapping of this region. But the sort 
of incompleteness that derives from the presumptive empirical 
reality of endless scientific progress is not to be equivalent with 
the theoretical incompleteness we have just been considering. 
Even if scientific innovation came to a stop because nothing (or 
nothing of much significance) was ever added to the body of 
natural law in the domain of scientific knowledge -even if 
science in fact ceased its endless progress and attained a plateau 
of final “completeness” (farfetched, indeed almost unthinkable, 
as this might seem) — the in principle generality-incompleteness 
of scientific explanation would yet remain, just as the in principle 
specificity-incompleteness of scientific description would also 
remain. In describing we can (in theory) go on indefinitely giving 
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further descriptive details about the descriptive details already 
given; in explaining we can (in theory) go on indefinitely giving 
further explanatory details regarding the explanatory details 
already given. Like description, explanation is an inherently 
incomplete process.' 1 



part II 

FORMAL ANALYSIS 
OF EXPLANATORY 
CONCEPTS 


1 . The Machinery of Discrete State Systems 

To aid in a rigorous exposition of the logical 

features of explanation, and to make possible 
a detailed examination of the relationship between explanation 
and its cognate procedures such as prediction and retrodiction, 
it will prove very useful to introduce a certain amount of formal 
machinery. In particular we shall develop a way of describing 
with mathematical detail, and so with substantial precision, an 
interesting family of physical systems of a particularly simple 
kind. This mathematical machinery, albeit very simple, will 
facilitate a far more detailed and exact analysis of the char- 
acteristics of explanation than would otherwise be possible. 

We shall now concern ourselves exclusively with physical 
systems that, at any given moment of time, exhibit some definite, 
specifiable state of affairs, a state that is not instantaneous but 
lasts for some interval of time (however short). We thus assume 
a temporal parameter which is not continuous but discrete, so 
that one has to do with a discontinuous time variable that 
represents discrete periods (e.g., microseconds, minutes, years). 
A system of this type, which exhibits some particular state for 
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further descriptive details about the descriptive details already 
given; in explaining we can (in theory) go on indefinitely giving 
further explanatory details regarding the explanatory details 
already given. Like description, explanation is an inherently 
incomplete process . 4 
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further descriptive details about the descriptive details already 
given; in explaining we can (in theory) go on indefinitely giving 
further explanatory details regarding the explanatory details 
already given. Like description, explanation is an inherently 
incomplete process.'* 
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listic) law will have a form such as, “State X is followed by state 
Y with probability p, and by state Z with probability 1— p.” 
Throughout the subsequent discussion, we shall assume that the 
probabilistic laws under discussion satisfy the “Markov 
property," 1 in the sense that the probability that the system will 
assume state X at time / is a function only of the state of the sys- 
tem at time t— 1, and is wholly independent of the history of 
the system prior to time / —l. The behavioral theory of systems 
conforming to these general requirements is studied in probability 
theory and mathematical physics under the chapter heading of 
Markov chains. 2 A great variety of physical processes have been 
represented and studied from this point of view. 3 

It will prove expedient to restate these considerations in a 
more rigorous formalized way, and to introduce some further 
machinery for the discussion of discrete state systems. 

The physical systems now at issue can exhibit at most some 
countable number of states- S 1 ,S 2 ,S 3 ,... It is assumed further 
that time is discretized into intervals of fixed size. Consequently, 
one can portray the history of the system under consideration 
by the finite list of its successive states throughout the time span 
at issue, say from mth to the nth interval, giving this history by 
the list 

1), . ,st(n— 1 ),st(n) 

where st(i) is that member of the set of all possible states 
\Si,S 2 ,S 3 , . . which represents the actual state of the system 
for the interval t = i. 


1. See W. Feller,/ln Introduction to Probability Theory and Its Applications. 
vol 1 (New York. 1950), chapters 15 and 16, orJ G Kemeny and J L Snell, 
Finite Markov Chains (New York, 1960), chapter 2 

2 See W. Feller’s book cited in the preceding footnote for further reference 
to the literature 

3 For two especially important examples see P and T Ehrenfest, “Uber 
zwei bekannte Einwande gegen das Bolzmannsche H-Theorem ” Physikahsche 
Zeitschrift, vol 8 (1907), pp 311-314, and Ming Chen Wang and G E Uhlen- 
beck, “On the Theory of Brownian Motion, II,” Reuens of Modern Physics , 
vol 17 (1945). pp 323-342 
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each of the — perhaps very short— time periods (intervals) at 
issue, will be termed a discrete state system, a DS-system for 
short In the event that the system is such that it can exhibit only 
some finite, limited number of diverse (qualitatively distinct) 
states, one may speak of a finite discrete state system 
The actual existence of DS-systems can be illustrated by num 
erous examples One such is an electronic digital computer (or 
even an office desk calculating machine) that exhibits, dunng 
any sufficiently small time penod, some particular complex of 
affairs in the arrangement of its calculating and information- 
storage components Another example is an atom initially of 
some radioactively unstable element, such as Uranium I, which 
for any very small time penod must assume the “state" of being 

Ura'nmTo ? omewhere ln ,he Uramum-Lead region of the 
. m a ,um senes Furthermore, even a continuously 
, ld SyS ‘ em bC redescnbed ln °S system terms Con- 
thc Jrfnr ® Particle moving m Brownian motion over 

ubdivSi r “ “ ' V " hm SOme coma,ner lr thls surface ' s 
ubdivided (conceptually) into a number of subdivisions-Iabeled 

necrv 3 suitably small time interval selected we could 

specify the state" of this system at time (interval) r as corre- 

spends"fh ^ I' l0Catl0n of the P ar,| cle in that division in which it 
d'",'" 1 " me dunn B >he interval m question By such 

t„r:r Bo :„,r„ n mo,ro b r e ,h or r r cnbe - ,he aLany 

in fact a finite DS system ™ * ° S SyS,em ' a " d 

systems under con d , ISCl,5S ' on ’ “ "■» b = supposed that the DS- 
wU resnect .o 7 ,10n ar ' Koverned by of transition" 
"present" state of ih es-ta ws specifying that whenever the 
sta e (or ero m r ,s such a " d such, then the "next" 

Such , PO “ “ nCXr Sta,es > w '» be so and so 

mav be e.iher / , " E ° VCmmE ,hc bc hav, 0 r of a DS system 

A de,eL™ ^ f‘ n "" mS " C ° r ‘ndeternumsuc (probabilistic) 

m van, H, . T n ° nC ° f ,hC f0rm - “ Sla >e * always and 
invariably followed by state JY‘ An indeterministic (probabi- 
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in diagrammatic form. Thus consider, for the sake of illustration, 
the strictly deterministic DS-system with characteristic matrix: 

SuccessorState 


Predecessor 
State 

This system is more simply described by the “transition diagram”: 



This diagram presents the same information given by the charac- 
teristic matrix, but does so in a more readily apprehensible way. 
Again, consider the indeterministic DS-system specified by the 
characteristic matrix: 

Successor State 


Predecessor 
State 

This system is more perspicuously described by the (probabilis- 
tic) transition diagram: 
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Such discrete state systems can be subject to two kinds of 
laws governing the transition of states, among others First, 
there will be deterministic laws of state determination of the type 

Ifs/(/)=S„ then j/(/+1)=Sj 

Secondly, there will also be indeterministic or probabilistic laws 
of state determination of the type 


If 5/(0 — S,, then 5/{/+ I ) will be one of the states 
Sj.iSj,, ,s v with probabilities p„p s , ,p„ respectively 

U hesepi must obviously sum to I ) 


the probabilistic laws entering into our discussion are 
assumed to be of this form and hence will satisfy the • Markov 
cleHenl t C condmonal Probability that state S, be suc- 

die tt V ‘ “ dCfined ,nde P enden "y of the past history of 
the system prior to its (assumed) attainment of state S, 

indetermm'sf ? S Sy5, , em Rented by deterministic and/or 

square r^ at h "Y ' h ‘ 5 5 ° rt Can ,hus be represented by a 

system Th , ^ t™ the " ,rans '"°" probabilities” of the 

system This matrix takes the form 


Do„ | 

,hat ,r ,he sys,em 15 ,n 

nu is the probability that .„(,+ ,) 1 s"»len tta“ '(rt 1 S ' (it's 

mmnx h of , t h heT VS °, rSUCh * mMnX mUst always add HThis 
ealledlhert Y " Probabilities for a DS system will be 
called the characteristic matrix for the system 

, f ^ Charac,cn2ed os (strictly) determ, , mst,c 

and oll.se T r Cn,S ° r, ' S charaa «™t,c matrix are 1 
ns SVS. n K C '[ SOmC ™ n “ r0 elcment dlfrcrs from 1 -the 
mmmic ^“ractenzed as (at leas, pan, ally) tnde.er 

II Will often prove more convenient mrt 
recast the substance of the characteristic matnxTa^DS system 
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explanations and (2) that between actually and potentially 
explanatory arguments. We must also recognize that, and how, 
the concepts of prediction and retrodiction are subject to dis- 
tinctions similar to those of (1) and (2) above. Throughout, we 
shall be concerned only with the explanation, prediction, and 
retrodiction of particular facts (as opposed to “logical constructs” 
from individual facts, such as the disjunct “Fact 1 or Fact 2” 
or the like). By a “fact" in this context one is to understand that 
the system in question exhibits a particular state at a particular 
time. 


1. Explanation. A potential explanation of the (assumed) 
fact that a system exhibits the characteristic Q takes the form of 
an argument whose conclusion is that the system exhibits the 
characteristic Q. The premisses of this argument consist of two 

types of statements; namely (1) the general laws, L,,L 2 L„, 

governing (i.e., known or assumed to govern) the behavior of the 
system in question, and (2) certain boundary statements to the 

effect that the system exhibits the characteristics C!,C 2 C„, 

all different from Q. 

It should be stressed that by a “characteristic” of a physical 
system we do not mean simply a (timeless) property, such as 
“having a weight of 15 grams,” or “being 24 cm. in height”; 
for if this were all that is meant, a system could both exhibit such 
a property (at one time) and also fail to exhibit it, or exhibit some 
contrary property (at another time). Thus a “characteristic” 
must here be understood as involving not just properties or rela- 
tions taken in an abstract and timeless way, but also taken to 
involve the specific times at which these properties qualify the 
system. This is essential if the law of contradiction is to apply to 
the “characteristics” of physical systems, as it must for the 
purposes of our discussion. Consequently, a phrase such as 
“has the characteristic C at time t,” although redundant, has the 
convenient merit of rendering explicit the temporal reference of 
the “characteristics” treated in our discussion. 
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In many cases, a diagram of this sort will specify a DS-system 
m a manner more graphic, and yet no less exact, than its tabular 
characteristic matrix 

It is important to recognize the fact that, in considering any 
finite DS system on the basis of this abstract mode of character- 
ization, we are not dealing with a merely conceptual possibility 
Any finite DS system can readily be realized as a physical fact 
through “simulation* on a digital electronic computer of the 
sort now in existence 4 Such systems thus represent physical 
systems that are ‘possible” not merely in the remote sense of 
being capable of actual physical realization through the use of 
instrumentalities actually in existence at the present day 

With this descriptive machinery of “characteristic matrices” 
and ‘ transition diagrams * at our disposal for the convenient 
presentation of both deterministic and indeterministic DS- 
systems we can now return to the mam object of our discussion 
the theory of explanation and of such intimately cognate concepts 
as prediction and retrodiction 


2 Explanation Prediction Retrodiction 


e ore taking up the question of how the concept of explana- 
tion an its conceptual cognates of prediction and retrodiction 
. UI } CtI L n m sett,n ® °^e special type of physical system 
' ith *nich we are presently concerned namely the DS systems 
i is a visa e to consider the meaning of these concepts as they 
re ate to p ysical systems in general quite apart from our 
specialized standpoint This essential preliminary discussion is 
comp icate y the necessity for drawing several basic distinc- 
tions especially (|) that between deductive and probabilistic 


* •"Tf 1 "“'i 6 ™”" <° ">» sweeping s ,„ cme „, ls Ihc eons, dor 

nurntwr r ? ^ ,I1IIC DS ! b ! e m <' c on c involving on enormous 

ZT ,my "T" ” Ch a " description n. lo oulv.np Ihe 

memory storage capacity of existing machines 
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explanations and (2) that between actually and potentially 
explanatory arguments. We must also recognize that, and how, 
the concepts of prediction and retrodiction arc subject to dis- 
tinctions simitar to those of (t) and (2) above. Throughout, wc 
shall be concerned only with the explanation, prediction, and 
retrodiction of particular facts (as opposed to “logical constructs" 
from individual facts, such as the disjunct "Fact 1 or Fact 2“ 
or the like). By a “fact" in this context one is to understand that 
the system in question exhibits a particular state at a particular 
time. 


1. Explanation. A potential explanation of the (assumed) 
fact that a system exhibits the characteristic Q takes the form of 
an argument whose conclusion is that the system exhibits the 
characteristic Q. The premisses of this argument consist of two 

types of statements; namely (1) the general laws, L,,L 2 L„„ 

governing (i.e., known or assumed to govern) the behavior of the 
system in question, and (2) certain boundary statements to the 
effect that the system exhibits the characteristics C t ,C 2 , . . . ,C„, 
all different from Q. 

It should be stressed that by a “characteristic” of a physical 
system we do not mean simply a (timeless) property, such as 
“having a weight of 15 grams,” or “being 24 cm. in height”; 
for if this were all that is meant, a system could both exhibit such 
a property (at one time) and also fail to exhibit it, or exhibit some 
contrary property (at another time). Thus a “characteristic" 
must here be understood as involving not just properties or rela- 
tions taken in an abstract and timeless way, but also taken to 
involve the specific times at which these properties qualify the 
system. This is essential if the law of contradiction is to apply to 
the “characteristics” of physical systems, as it must for I he 
purposes of our discussion. Consequently, a phrase such as 
“has the characteristic C at time /,” although redundant, has the 
convenient merit of rendering explicit the temporal reference of 
the “characteristics” treated in our discussion. 
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A potentially explanatory argument becomes an (actual or 
correct) explanation if Us factual premisses are really true and its 
general premisses genuinely lawful 

2 Prediction A potential prediction of the supposed fact 
that a system niff exhibit the characteristic Q at time t is an 
argument whose conclusion is the statement that the system 
exhibits Q at t, and whose premisses consist of two types of state- 
ments (1) general laws,L„Lj ,L m , governing (i e , known or 
assumed to govern) the behavior of the system and (2) data 
statements to the effect that the system exhibits the character- 
istics C t at t x C t at /» , C R at t n u here all of the times involved 

are anterior tot i e all lj < / 

A potentially predictive argument becomes an ( actual ) predic- 
tion if its factual premisses are really true and its general premisses 
genuinely lawful and moreover (i) all the times at issue in the 
* data statements” antedate the present, so that its type (2) 
premisses— see item (2) of the formulation given above— give 
(true) information but solely about the relative past charac- 
teristics of the system (i e , all /, < i N , where l N is the time “now,” 
that is to say, the time at \shich the explanation is proffered), and 
(») its conclusion relates to the relative future (i e , t s < t, where 
I,, is the time “now”) 

This analysis of the concept of * prediction ’ does not accord 
with the mode of construction placed on this concept m recent 
discussions by Professor Carl G Hempcl with the inevitable 
result that major discrepancies arise in what is said about 
prediction under these divergent interpretations of the concept 4 

5 SceC G llcmpcl and Paul Oppcnhcim Studies in the Logic or Explain 
lion philosophy of Science vot 13(1948) pp 135-175 and especially Section 
f. of Hempcl s Deductt vc Nomolopcal vs Statistical Fxptanation in H Fcigl 
and G Maxwell (cds) Minnesota Studies tn the Philosophy of Science sol 3 
(Minneapolis 1962) Also Section 3 of Adolf Griinbaum Temporally Asym 
metne Pn naples Partly between r xplanation and Predction and Mechanism 
sersus Teleology " Philosophy of Science vol 29(1962) pp 146-170 should be 
consulted regarding the terminological distinction here at issue 
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I find it necessary to dwell briefly on the justification of this 
perhaps “merely" semantic but nevertheless important point of 
difference. 

In accordance with our discussion above, a prediction of the 
supposed fact that a system will exhibit the characteristic Q at 
time t is an argument which bases this conclusion upon premisses 
of the following two types: (1) laws governing the behavior of 
the system, and (2) true (or assumedly true) data statements to 
the effect that the system exhibits the characteristic C, at time 
C 2 at time , and C n at time f N , where 

(a) /, < t , for all / (i.e., all premisses deal with times earlier than 
the time at issue in the conclusion). 

(b) /j r N for all i (i.e., all premisses deal with times no later 
than the present). 

(c) tfj < t (i.e., the conclusion relates to the future). 

Now Professor Hempel’s construction of “prediction” differs 
in effect from the foregoing characterization in that he drops con- 
ditions (a) and (b). I shall consequently attempt to justify these 
conditions, and to explain why 1 find it necessary to include 
them as a part of the analysis of what constitutes a scientific 
prediction. 

Let me begin by observing that condition (a) is an immediate 
logical consequence of conditions (b) and (c) taken jointly. It 
thus suffices my purposes to justify condition (b) as an essential 
part of an appropriate construction of “prediction.” 

Assume that condition (b) were violated, so that some premiss 
asserts that the system exhibits characteristic Cj at time t s > / N , 
i.e., for some future time. Now how could we possibly go about 
justifying the use of this futuristic premiss in a predictive argu- 
ment? There are but two possibilities: 

(I) The statement that the system will exhibit C } at t } can be 
derived (be it deductively or probabilistically) on the basis 



3 A 


Fotmal Analysis of Explanatory Concepts 


of information about the present and past characteristics 
of the system, or 

(II) The statement that the system will exhibit Q at t } cannot be 
derived in this way 

But note now that in the first case, one effectively cames the 
predictive process bach to a (reformulated) prediction that con- 
forms fully to our requirements, specifically including condition 
(b) However, in the second case, we do not actually have a pro- 
per prediction at all— for the “predictive" argument in view is 
based on a premiss which cannot be justified in terms of available 
information In this case one does not have a proper “prediction" 
at all, but (at best) a conditional or hypothetical prediction that 
makes essential use of an undefended and indeed currently 
indefensible assumption regarding the future characteristics of 
the system under discussion 

The foregoing line of reasoning may be summarized in the 
dilemma that an Hempehan prediction either does not constitute 
an argument deserving to be labeled as a scientific “prediction," 
or it can be formulated as a prediction conforming to the require- 
ment laid down in our foregoing discussion 

In summary then the conception of ‘ prediction” that results 
from deleting the conditions (a) and (b) of our analysis is, on our 
view, faulty as a construction of prediction proper It overlooks 
the factor that a predictive argument is not simply one whose 
conclusion makes some claim about the future (based possibly 
on premisses regarding the still more distant future) Rather, in 
predictive reasoning, as we view it there should be a temporal 
structure in the chronological direction of the argument itself, 
in that it moves from temporally anterior premisses to a temporally 
posterior conclusion 

3 Rctroihction A potential retrodiction of the purported 
fact that a s>stem has exhibited the characteristic Q at time t ts an 
argument whose conclusion is the statement that the system 
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exhibits Q at t. The premisses of this argument consist of two 
types of statements; namely, (1) the general laws, . . . ,L ra , 

governing (i.e., known or assumed to govern) the behavior of the 
system, and (2) statements to the effect that the system exhibits 

the characteristics C t at C 2 at / 2 C„ at where all of the 

times involved are posterior to t , i.e., all / ( > t. Again, with 
retrodiction, as with prediction, the temporal pattern of the 
premissed information is a key factor. 

A potentially retrodictive argument becomes an ( actual ) 
retrodiction if (i) its premisses are actually true (or assumedly 
true), and (ii) its conclusion relates to the past (i.e., t < t K , where 
/ N is the time “now”). 

It follows from the foregoing specifications that whenever a 
prediction or retrodiction (of whatever type, actual or potential) is 
given, so a fortiori is an explanation (of the corresponding type). 
Our defining conditions for prediction and retrodiction have in 
effect added to the conditions for explanation (in which the 
element of time does not function) certain further restrictions of 
a temporal character. In this light, both predictions and retro- 
dictions appear as explanations of a certain sort. 

* * » 

The preceding analysis of explanation, prediction, and retro- 
diction has addressed itself to considerations regarding physical 
systems m general. We now again focus our discussion upon out 
DS-systems. From this narrowed perspective we can see that the 
foregoing general concepts of explanation, prediction, and 
retrodiction bear upon DS-systems in a special way. We shall 
henceforth speak only of potential explanation, prediction, etc., 
smce the manner of differentiating between potential and actual 
explanation, etc., is not affected. 

The general concepts of explanation, etc., as previously dis- 
cussed, bear upon the narrowed context of DS-systems in a some- 
what modified way, for reasons now to be explained. It is usual 
in discussions of the methodology of science to consider the 
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“laws’* that constitute the machinery for explanation, etc., 
under two heads: 

(i) Laws of succession which relate characteristics of a 
physical system at some particular time with its character- 
istics at earlier or later times (e g , Kepler’s laws of 
planetary motion, or Galileo’s law of falling bodies) 

(u) Laws of coexistence which relate different concurrent 
characteristics of a physical system with one another 
(e.g.. Hook’s law relating the mass supported by a spring 
with its elongation; or Ohm’s law relating the electrical 
resistance, potential difference, and current of an electric 
circuit; or Boyle’s, Charles’ and van der Waals’ laws for 
gases which relate the pressure, volume, and temperature 
parameters of a gas ). 6 

Now this general distinction regarding laws governing physical 
systems does not carry over to our DS-systems. For all con- 
temporaneous characteristics of a DS-system (i.e., all that are 
being considered when the system is described in DS terms) are 
fused together into one all-embracing characteristic— namely, 
“the state” at the given time. Thus only laws of succession are 
applicable here, laws of coexistence play no role in the discussion 
of DS-systems. This has the consequence that certain issues that 
arise in the general theory of scientific explanation do not appear 
within the more limited domain of the present discussion. And in 
particular the concepts of explanation, prediction, and retrodic- 
tion bear upon DS-systems in a somewhat simplified way, shortly 
to be set forth. 

It is thus clear that, due to the specialized character of DS- 
systems, one cannot argue validly from a finding that some 
result is necessary (i e., always to be found) in the special case 

6 1 lake this distinction between laws of succession and coexistence from 
Section 4 of licmpcl IhiJ Hempel treats this distinction as well known, it func- 
tions in MiirsSwtrro of Logic, but goes back at least to Comic See K. R. Popper. 
The Poverty of Ittstoriasm (Boston. 1957) p 116 (! owe this reference to 
Professor tlempe! ) 
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of DS-systems to the conclusion that this result is necessary in 
general (i.e., is always to be found, even apart from our special 
limitation). But on the other hand, we can indeed argue validly from 
the finding that some result is possible in the special case (i.e., that 
some circumstance is realized with respect to certain DS-systems) 
to the conclusion that this state of affairs is unqualifiedly possible. 
This mode of reasoning represents a strategy of argumentation 
that will be used extensively in the ensuing discussion. By 
exhibiting the sorts of situations that can arise with respect to 
explanation and its cognates in the special case of DS-systems, 
we shall explore basic facets of the workings of these concepts. 


3. Deductive versus Probabilistic Explanatory Arguments 

All the three types of reasonings considered in the last section 
have two distinct forms, deductive and probabilistic. The dis- 
tinctions at issue here must be developed in detail. 

1. Explanation with DS-Systems. In general, a poten- 
tially explanatory argument can fall into one of two categories. It 
may be either deductive (D-expIanation), or probabilistic (P- 
explanation). With a deductive explanation, the explanatory prem- 
isses would, if true, provide conclusive evidence for the con- 
clusion. constituting a totally sufficient guarantee of the ex- 
planatory conclusion. With a probabilistic explanation, the 
explanatory premisses do not provide a guarantee of the conclu- 
sion, but merely render it relatively likely, and so endow it with 
a relatively substantial (conditional) probability, say, one in 
excess of one half, or perhaps some other specified value k in the 
interval 0.5 < k < 1. In the special case of DS-systems. an 
explanatory argument is one that concludes that j/(/) = Sj on the 
basis of an identification of a group of states s/(/,). .vf(fj), .... 
■st(t,), where all of the t { s* /. The argument may be cither 
deductive (D-cxplanation). or probabilistic, cither in the strong 
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sense (P s explanation) that sKO - S, is (conditionally) more likely 
than not , or in the weak sense (P w -expIanation) that st(t) = S, 
(conditionally) more likely than st(t ) = S ; for any particular j * i 
(i e , \s relatively more likely than its competitors taken singly., 
though not necessarily more likely than not. or equivalently, 
more likely than its competitors taken collectively) 3 * * * 7 

2 Prediction with DS-Systems In general, a potentially 
predictive argument can also fall into the deductive or the 
probabilistic type With a deductive prediction (D-prediction), the 
predictive premisses must, if assumed to be true, provide con- 
clusive evidence for the predicted conclusion With a probabilistic 
prediction, the predictive premisses do not provide a conclusive 
guarantee of the conclusion, but merely render it relatively 
likely, and so endow it with a relatively substantial probability 
In the special case of DS-systems a predictive argument is one 
that concludes that sf(f) = S t on the basis of an identification of 
a group of states st(t,) j/(r 2 ), .$/(r„) where all the t ( > t 

The argument may be either deductive (D prediction), or pro- 
babilistic, either in the strong sense (P s -prediction) or in the weak 
sense (P w -prediction) 

3 RetrodicUon with DS-Systems In general a potentially 
retrodictive argument may be either deductive or probabilistic 
along lines exactly parallel with those envisaged in the case of 

explanations and predictions In the special case of DS-systems, 

a retrodictnc argument is one that concludes that sr(r) = Sj on 

the basis of an identification of a group of states. st(t t ), 
where all t, > l As with prediction above, we again 

7 This weakest sense of “explanation in the context of DS-systems docs not 
fully conform to the general concept of explanation as presented under heading 
1 and it may indeed be too weik to answer fittingly to what we mean by an 
explanation inordinary informal discourse But it is hardly worth making much 
of this purely terminological point and at any rote w hat we mein by a P„-cxptona 
lion ts both clear in itself and reasonably analogous to our general conception 
of explanatory reasoning 
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have three possibilities: D-retrodiction, P s -rctrodiction, and 
P w -retrodiction. 

It deserves notice that a retrodictive argument may involve 
predictive subarguments in such a way as to render the entire 
process of retrodictive reasoning quite intricate. Consider, for 
example, the DS-system 8 



Suppose it is given that the “present” state is S 4 , and suppose a 
retrodiction of the preceding state to be asked for. Superficially 
it seems as though from S 4 we simply could not judge between 
S 2 and S 3 as the superior candidate for its immediate predecessor. 
But notice that we can D-retrodict that Sj had to be a 2-interval 
predecessor of S 4 . And from Si we can P s -predict S 3 as the “next” 
state — i.e., we are far more likely to get from S 4 to S 4 via S 3 than 
S 2 . Thus we are, after all, able to P s -retrodict that S 3 is the 
immediate predecessor of S 4 . The presence of a deviant sub- 
argument has no effect on the classification of the argument as a 
whole, which is determined by the temporal structure of the 
movement from premisses to conclusion, not by the deviations 
of the path through which this movement is accomplished. 

Whenever a prediction or retrodiction (of whatever type) is 
given, so a fortiori is an explanation of the corresponding type; 
though the converse will not, of course, be true in general. 
Another, quite obvious, result is that whenever an argument 
satisfies the conditions for one of the stronger types of explana- 
tion (etc.) the conditions for the weaker counterparts are met 
ipso facto. 


8. I owe this example to F. Brian Skyrms. 
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Since our major concern will be with the three classes of 
DS specialized conceptions we shall henceforth simply speak of 
them as * explanation* “ prediction and ‘ retrodiction ” when 
these terms are used unqualifiedly Thus in particular, we shall 
be construing these terms in their potential sense 
These bnef considerations as to the deductive and probabilistic 
vaneties of explanation and the cognate procedures of prediction 
and retrodiction— both in general and as specifically applicable to 
DS systems— should suffice our needs for the purposes of 
examining some of the ways in which these concepts can function 
in their workings in the context of physical systems We turn 
now to such an examination 


4 Explanation and Its Cognates in Deterministic DS Systems 

The following thesis embodies what unquestionably is from 
the standpoint of the theory of explanation and prediction the 
main feature of strictly deterministic DS systems 

(T4 1) In a strictly deterministic DS system, D prediction and 
a fortiori D explanation (and thus the weaker modes of 
explanation and prediction), are always possible In 
other words Riven the state of the system at tune t one 
cun always— by the laws of the sy stem — deduce its state 
at time t+ 1, and can thus aht ays D explain tin state at 
an\ time t by reference to that obtaining at tunc t — l 

The proof of this result proceeds along obvious lines The sigmf* 
icincc of this thesis which indicates the definitive characteristic 
of deterministic systems is too obvious to warrant discussion 
A second important characteristic of DS systems is given by the 
thesis 

(T4 2) In a strictly deterministic DS system D retrodiction may 
be impossible the law s of the s\stcm may fail to render 



Explanation and Its Cognates in Deterministic DS-Systems 


41 


it possible to deduce from the state of the system at time 
t what was its state at a prior time. 
discussion. The thesis is most readily established by a 
concrete example. Consider the (strictly deterministic) DS- 
system 

Si S 2 S3 

S, 0 10 (7) -/sA— ■ -TsT) 

S, 0 0 1 

S 3 0 1 0 

Suppose it is given that the “present” state of the system is 
sf(f) = S 2 (and that thus its entire subsequent history is implicitly 
given). It is nevertheless clear that we are unable to deduce the 
state of the system at time / — 1, for we cannot rule out either of 
the possibilities st(t— 1) = Si or sf(f — 1) = S 2 . (Note, however, 
that the latter is the more likely since the system can exhibit S 2 
with unlimited repetition, but can exhibit S x only once; so that 
P s -retrodiction is indeed possible.) 

It should be noted that any finite strictly deterministic DS- 
system that is not wholly cyclic exhibits the essential feature of 
the foregoing example, namely, a “return” from the “terminal 
state of the transition diagram to some prior state, which thus 
inaugurates a subcycle from whose “initial” state (having two 
arriving arrows) there cannot be any D-retrodiction. This 
feature has the consequence that all-out D-retrodiction is neces- 
sarily impossible in all finite DS-systems, deterministic as well as 
indeterministic, except for the purely cyclic. 

On the other hand, P-retrodiction will inevitably have to be 
possible in a strictly deterministic finite DS-system, because its 
state-succession history must have the structure of a beginning 
sequence followed by a cyclic repetition. This means that the 
cycle-inaugurating state with respect to which the impossibility 
of D-retrodiction arises (S 2 in the example) is far more likely 
to result out of the “terminal” state of the infinitely repetitive 
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cyclt (S a in the example), than out of its unique predecessor in the 
beginning sequence (S, in the example). 8 

The question must also be considered whether the weaker 
probabilistic modes of retrodiction are always possible in strictly 
deterministic infinite DS-systems. The negative answer to this 
question is established by the example of the following system. 



issCe'onhete 51 ° f i 7° r ‘ am 'operations' revolve Zund the 

and as it were timeless-bin ih,. nl, “ , f ° ,hey are cons,ant 
states of the system. relating to the transient 

<«~>-~a! , b L SUCh ,hm E,Ve " a of ‘he system 
the known laws of the system to te'rm ' '“'r th ' 5 S ' a ‘ e by means ° f 
data about the states of the system J„° som = < fi "ite) body of 
be said to be P ar,c ^ wi " 

explanation. An occurrence of a slate in the hi t PP ° S I l la modc of 
can be explained this manner a "d ^lv ^ ° r,hC 
was Prrtocmh,, A system a„ of 

— 
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entire history arc a parte ante explicable can be characterized as 
such as a whole. 

Note that we shall have the thesis 
(T4.3) A DS-system all of whose possible state occurrences are 
a parte ante D-explicable must be strictly deterministic. 

discussion. Suppose that two (or more) arrows ever 
departed from one state, as in the case 



Then the occurrence of Sj would then not be D-explicable a parte 
ante. Thus no state can have more than one departing arrow, and 
the system is in a consequence strictly deterministic. 

Moreover, we shall even have the cognate thesis 

(T4.4) A DS-system all of whose possible state occurrences are a 
parte ante p-explicable must also be strictly deterministic. 
discussion. Suppose again that two (or more) arrows 
ever departed from one single state, as in the case considered just 
above. Then one of the arrows must depart from a probability 
entry less than and equal to another, so say a ^ b. But then 
suppose that on some occasion S 4 is in fact succeeded by Sj. Then 
this occurrence of S, is something that cannot be P-explained 
a parte ante. 

A system in which some possible state occurrences are not 
a parte ante explicable might be said to possess “an open 
future.” At least some of its states cannot possibly be predicted 
and be explicable at best a parte post. It follows from (T4.2) 
that every system that is not strictly deterministic will be of this 
sort. In such a system some occurrences can be explained only 
ex P ost facto with “the wisdom of hindsight”: they could not, 
oven in principle, have been predicted in advance. 
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The temporal structure of data utilization in predictive reason- 
ing poses no novelties, for the simple reason that, as was brought 
out jn- previous discussion, such temporal inference has to be 
considered an integral part of the very concept of prediction. 
However, the general importance of finiteness and discreteness 
is worth noting in this context. We do not want to say that the 
state of the system at /„ can be predicted, if it can be determined 
only if one knows the state at every preceding interval, or the 
state at t 0 ~ l . and at t 0 — and at f 0 —i, and so on. Only if laws 
plus a finite body of (temporally prior) data suffice for the state 
determination is the situation a genuinely predictive one. 


5. Explanation and its Cognates in Indeterministic DS*Systems 


We turn now to a consideration of the status of explanation, 
prediction, and retrodiction in the context of indeterministic 
DS-systems. The relevant epistemological issues come to be 
operative here in a significantly more complex, and thus perhaps 
all the more interesting, way. 

Doubtless the most striking feature of indeterministic DS- 
systems -in view of the fact that the behavior of such systems is, 
after all. fully and entirely specified in terms of given laws -is 
contained in our first thesis. 


(T5.1) In art indeterministic DS-system, P„-explanation— and 
a fortiori both stronger types of explanation, as well as ail 
types of prediction and retrodiction— may be uniformly 
( i. e.,for all s fates) impossible. 


discussion. The thesis is most simply established by a 
concrete example. Consider the system 
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Notice that even if the complete history of the system except for 
one “unknown” state is given, say 

• • s 2 s t s,s. — S,S 2 S 2 S, • • • 

one cannot (not even probabilistically) fill in the blank by Sj 
rather than S 2 , or conversely. Thus if we arc given that the blank 
position is actually S>, we are unable to give even a P w -explana- 
tion of this fact. 

Much interest also attaches to the cognate thesis 
(T5.2) In an indeterministic DS-system, P ^-explanation — and 
a fortiori both stronger types of explanation, as well as 
all the types of prediction and retrodiction — may be 
selectively (i.e.,for some states) impossible. 
discussion. Again, an example serves to prove our 
point. Consider the system 



Even if the complete history of the system is given, except for 
one unknown state, say 

• S3S1 — S3S1 • • • 


one may (as in this case) not be able to fill in this blank, not even 
probabilistically. Should it be the case that the blank is S 2 , we are 
unable to give even a P w -explanation of this fact. Nor can an oc- 
currence of S 2 ever be (even weakly) predicted or retrodicted. The 


ccurrence of this state lies not outside the realm of possibility 
ut, so to speak, outside the range of scientific rationalization. 

It is perhaps not stretching things too far to regard the two 
oregoing theses as illustrating and exemplifying (to whatever 
extent DS-systems of the appropriate kind are actually realized 
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possibility of a trace annihilating system, where we never have any 
nomnferentia! knowledge of the past, the point of retrodiction 
comes home to us 

With respect to retrodiction, we have the thesis 
(TS 5) With regard to indeterministic DS-systems, D retro 
diction may be uniformly (i e , for all states) possible in 
an infinite system but cannot be uniformly possible for 
a finite system 

DISCUSSION The first part of the thesis is shown by the 
example of the system characterized by the transition diagram 



Note here that every state has exactly one arriving arrow so 
that its predecessor state is always determinable 

However in a finite indeterministic DS system some slate 
must necessarily have two arriving arrows so that D retrodiction 
here becomes impossible 

I he foregoing result is complemented by the thesis 
(15 <>) l tin in a JiniU mditernumstic DS system P, retrod^ 
(Urn may hi uniformly possible 
Dint unnion Sec the example given previously m d* 
ilfowiNNhmol (15 4) 

We jiI*» have (ho following thesis 

(15.7) Ivin in a lomphnfy indeterministic system D r (tTir 
dk lion may for some states be possible 
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Note that to D-cxpIain the state of the system at any time / — 
whatever this may be —we need only know (at most) the im- 
mediately preceding state st{t — 1) and the immediately succeed- 
ing state st(t + 1). (This is unaffected by the fact that we cannot 
even P w -prcdict from S,.) 

The preceding example illustrates an interesting circumstance. 
A state of affairs may be characterized as “a parte post ” expli- 
cable when some information about its subsequent states is 
required for its explicabihty (in whatever mode of explanation is 
at issue). To illustrate the workings of this idea let it be supposed 
that we are asked to explain the occurrence of S 2 at time t. No 
matter how much information we may be given about earlier 
states of the system we will not be able to explain (even P w ) 
S 2 -at-r. But if we are told that S 3 -at-(r-T 1) then, knowing S 2 -at- 
(/ — 1) we can explain, and indeed D-explain, the occurrence of 
S 2 -at-r. This occurrence is thus a parte post explicable in the 
sense of this concept that has just been introduced. 

Turning now to prediction, we establish first the thesis: 

(T5.4) While D-prediction cannot, in an indeterministic DS- 
system, be uniformly (i.e., for all states) possible, 
Pg-prediction and a fortiori P w -prediction, may be 
uniformly possible. 

discussion. The first part of our thesis is self-evident 
from the ver> nature of “indeterministic” DS-systems. The 
second part c the thesis is shown by the example of the system 
.IS, S 2 


S,' .1 .9 
S. I .9 .1 

It is evident that, given st(t) , we can always make a P s -prediction 
ofs/(t-f 1) as being the “other” state. 

The object of retrodiction is to “reconstruct” the past. Given 
the laws of the system and certain of its states we want to 
determine the temporally prior ones. If we contemplate the 
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Note that to D-explain the state of the system at any time / — 
whatever this may be— we need only know (at most) the im- 
mediately preceding state st(t — 1) and the immediately succeed- 
ing state 1). (This is unaffected by the fact that we cannot 
even P w -predict from S,.) 

The preceding example illustrates an interesting circumstance. 
A state of affairs may be characterized as “n parte post" expli- 
cable when some information about its subsequent states is 
required for its exphcability (in whatever mode of explanation is 
at issue). To illustrate the workings of this idea let it be supposed 
that we are asked to explain the occurrence of S. at time /. No 
matter how much information we may be given about earlier 
states of the system we will not be able to explain (even P w ) 
S 2 -aw. But if we are told that S 3 -at-(/+ 1) then, knowing S 2 -at- 
{t— 1) we can explain, and indeed D-explain, the occurrence of 
S 2 -at-/. This occurrence is thus a parte post explicable in the 
sense of this concept that has just been introduced. 

Turning now to prediction, we establish first the thesis: 

(T5.4) While D-prediction cannot, in an indeterministic DS- 
system , be uniformly (i.e., for all states) possible, 
P s -prediction and a fortiori P w -prediction, may be 
uniformly possible. 

discussion. The first part of our thesis is self-evident 
from the ver) nature of “indeterministic” DS-systems The 
second part r the thesis is shown by the example of the system 

_ Sj S 2 

S,' .1 .9 
S. .9 .1 

It is evident that, given st(t ) , we can always make a P s -prediction 
of st (t+ 1) as being the “other” state. 

The object of retrodiction is to “reconstruct the past. Given 
the laws of the system and certain of its states we want to 
determine the temporally prior ones. If we contemplate the 
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discussion The thesis at issue is established by the 
example of the system 



Given that the “present” state of the system is S„ we can D- 
retrodict that all its previous states have uniformly been S! 

Suppose we are in a position to D retrodict the entire his- 
tory of every possible state of some system Then there can 
never be two arrows arriving at the same state m the transition 
diagram But then if the system is finite, there can never be two 
arrows departing either and so the system must (if finite) be 
strictly deterministic Butin an infinite DS system D retrodiction 
of the entire history of every possible state of the system may 
be possible even if the system is not strictly deterministic 






Our remaining theses will concern the relationship between 
explanation and prediction m DS systems 
We begin with the thesis 


(T5 8) Even when an indeterministic DS-system is such that 
P ^prediction ( and a fortiori P, -explanation) is uni- 
formly (i e , for all states) possible, it may yet happen 
that D-explanatton is uniformly impossible 
discussion. This thesis is also established by the 
same example cited in the previous discussion of thesis (T5 4) 
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possibility of a trace-annihilating system, where we never have any 
noninferential knowledge of the past, the point of retrodiction 
comes home to us 

With respect to retrodiction, we have the thesis 
(T5.5) With regard to indeterministic DS-sy stems, D-retro- 
diction may be uniformly (i e ,for all states) possible in 
an infinite system, blit cannot be uniformly possible for 
a finite system 


DISCUSSION The first part of the thesis is shown by the 
example of the system characterized by the transition diagram 


©-£) 
0; 

k 



Note here that every state has exactly one amving arrow, so 
that its predecessor state is always determinable 
However, in a finite indeterministic DS-system some state 

The foregoing result is complemented by the thesis 

(TS.6) Cicn m a finite indeterm, ntsttc DS-system. P, -retrod, e- 
non may be uniformly possible 

d,„“, SCC "" CX:,n,, ” C *"» in the 

Wc also have Ihc following thesis 

CTSJ) Eton m a complete It mdeternumsltc system. D retro- 
diction may for some states be possible. 
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Note that here, while we can never even weakly predict or 
retrodict, that given both the successor and predecessor of an 
“unknown” state, we can always deduce this unknown state 
itself. 

In summarizing, the bearing of theses (T5.4) to (T5. 1 0) upon the 
theory of explanation, prediction, and retrodiction can be put as 
follows — that rather than applying to indeterministic systems in 
any symmetric or parallel way, these resources of scientific 
understanding can be regarded as being virtually independent 
of one another in their applicability, except for the fact that when- 
ever prediction or retrodiction (of a given type) is possible, so 
then is explanation (of that corresponding type). 

* * * 

We will conclude this section with a series of remarks regard- 
ing the predictability of DS-systems. 

An indeterministic DS-system can be such that its near-term 
future is predictable (even D-predictab!e), but its distant future is 
not even P* -predictable. For, consider the system 



Assume that the “present” state of the system is st(i) = S 2 . Note 
that we can D-predict that $/(i+I)=S 3 , j/(i+2) = S*, and 
sf(/-f3) = S,. But we now cannot even P w -predict st(i+3+j) 
for any j ^ 0. 

Contrariwise, an indeterministic DS-system can be such that its 
near-term future cannot be predicted (not even P w -predicted), 
whereas its long-term future can be predicted (even D-predicted). 
This is demonstrable by the system 
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Our next result is given in the thesis 
(T5.9) In an indeterministic DS -system it may happen that 
P ^prediction (and thus P ^explanation) ts uniformly 
(i e , for all states) possible, n Itereas P s explanation 
(and thus P t prediction ) is uniformly impossible 
discussion This thesis is established by the example of 



This system exhibits the interesting feature that if we should 
refuse to regard the weak mode of P v explanation as represent 
mg a permissible form of ", explanation " proper, then there are 
systems in which predictions are always warranted (uniformly— 
m states of the system) but we can never “explain” anything 
A further final result is given in the thesis 

(T5.10) In on indefermims/ic DS system, it may happen that 
/>• explanation is uniformly (i c , for all states) possible 
although neither P v prediction (let alone D prediction) 
nor P f-rctrodiction (let alone D retrodiction) are 
unifortnh possible 


discussion Our result is established by the example 


S, 

Sj 

S, 

S 4 


S* 


0 

0 

5 

5 


S 3 S 4 


5 0 

5 0 

0 .5 

0 5 


£Ef Q ,£C 
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Assuming that the “present” state of the system is st(i) — S It let 
us define X(j) as the probability that st(i+j) = S 2 . It is readily 
seen that s(J) takes on the values shown in the tabulation: 


j 

XU) 

1,2 

a 

3,4 

a+ (1 —a) • a 

5,6 

n + (1 — a) ■ a+ (1 — a) 2 • a 

2n + l,2n+2 

a[(n — a)°+ (1 —a) l H h (1 — fl)”] 


But whenever a is greater than zero, i.e., whenever 1 — a is less 
than one, we have it that the sum, 

(l-a)»+(l-fl)*+- • - + {\-a) n 

is equal to 

(1 — fl) [1 — (1 — fl)”1 (l-a)ri-d-fl)"] 

l-(l-fl) a 

As a consequence, both X (2 n + I ) and X {In + 2) are equal to 

Now it is clear that, by taking n to be sufficiently large, we can 
bring this quantity as close as we please to 

<7-f(l-fl)(l-0) = 1 

Thus no matter how small X(j) may be for small values of j\ 
there must be some value of j, say A, such that X(j) invariably 
assumes values greater than 0.5, whenever we have j s= A These 
considerations point toward two facts: 

(i) The particular fact that, in the specific DS-system con- 
sidered above, no matter how small a may be, there will 
always be some point up to which the most probable 
multi-interval successor of S, is uniformly S 3 (assuming 
of course that a < 0.5), and after which it is uniformly 
Ss. Furthermore, by taking a to be sufficiently small, we 
can put this “switching point” as far off into the future as 
we please. 
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Assume that the “present" state of the system is given as 5/(0 = 
S ( . We now cannot even P w -predict i/(f+l) and 5/(»+2). But 
we can D-predict that s/(i+3) = S 6 , and likewise all subsequent 
states (due to the character of S 6 as an “absorption-barrier"). 

Further, it is an interesting feature of systems of the sort we 
are studying that Pj-predictability (and also P w -predictability) 
need not be transitive, if the “probable" successor of S, is S>, 
and of S : is S 3 , then it need not be that the “probable” 2-period 
successor of S, is S 3 . For consider the system 



Note that although the P.-predictable successor of S t is S 2 , and 
ofS 2 is S 3 . wc must P.-predict S 4 as the 2-stage successor of S,. 

Finally, several interesting facts are illustrated by the system- 
type 
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wholly unmediated by any knowledge— at least implicit know- 
ledge— of its laws, can never be a sufficient basis for a reliable 
inference regarding an unknown state, knowledge of its laws 
can at least in some cases serve this purpose even in the face 
of a complete absence of information about its states. 


6. Infinite Discrete State Systems 

It is also of considerable interest to devote more explicit 
attention than has yet been given to infinite discrete state systems. 
Such systems will (by definition) continue to exhibit the feature 
of temporal discreteness, so that their history can also be rep- 
resented as a (conceivably doubly infinite) series: 

,5/(/ 0 — 2),st(t 0 — l),st(t 0 ),st(t 0 + 1), 5/(/ 0 + 2), . . . 

But now the situation is no longer that st(t ) must be one of a 
restricted group of states: 

sf(/) = one element of the finite list of alternatives: Si, Sfg, . . . , S n 
Rather, s/(f) can now possess an infinite variety: 

st(t) = one element of an infinite set of alternatives 

An interesting example arises when we consider a system 
whose “state” is an (initially infinite) string of 0’s and l’s: 

. . .01001 

Let the law of transition be that if s(r) is the sequence . . .xyz, 
then 

ec 

Note that this system will illustrate the thesis 
(T6.1) There are infinite probabilistic DS-svstems such that 
given the state of the system at any time t whatsoever. 
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(ii) The example also illustrates the general fact that when- 
ever a finite indeterministic DS-system has exactly one 
“absorption-barrier” state (like S 2 in the example), 
then no matter how unlikely an initial entry into this state 
may be, this state will ultimately always be the most 
likely (distant) successor of any given state, provided 
only that there is no closed cycle within the system of 
such a kind that access to the “absorption-barrier” 
state is inaccessible from it— as with the cycle beginning 
at S 3 in the system 

An absorption-barrier system of this general sort can serve to 
illustrate an interesting aspect of the relative importance of in- 
formation regarding the other states of the system in making 
inferences as to an unknown state. If the system is of the type 


then information about its other states is simply useless for 
determining an unknown state. On the other hand, if the system 
has an overwhelmingly probable absorption-barrier state of the 
type 

"OS)— — (£0 

then specific information about its states is virtually unnecessary. 
So long as wc know it has a past history at all, any unknown state 
will be S f with an overwhelming probability. These examples 
illustrate the fact that while knowledge of a system's states alone. 
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Thus, for example, if st(t 0 ) — (i, h, i), then 

5l(f.+ !)=<«,**) 

^(/o+ 2) = (35,^35) 

st(t 0 + 3) = 

This process is readily pushed as far as we please, and will in 
general yield a perfectly definite probabilistic metastate for any 
future juncture we care to investigate. Of course the three initially 
possible states now give rise to an infinite variety of probabil- 
istic “states.” 

This example serves to illustrate an interesting and important 
general fact: 

(T6.2) An indeterministic finite DS-system can invariably be 
portrayed as a strictly deterministic infinite state system 
by this device of letting a ( derived ) state of the new sys- 
tem be a probability-distribution across the (funda- 
mental) states of the initial system 


7. The Comparative Evaluation of Probabilistic Explanations 7 * * * 11 

It is a fact well known from deductive logic that one and the 
same conclusion can be established by a multiplicity of distinct 
and quite different arguments. A simple example of this is afforded 
by the two syllogisms 

All A is B No D is A 

Some C is not B Some C is D 

Some C is not A Some C is not A 

An exactly parallel situation obtains with respect to explanatory 
arguments: Very different explanations (explananses) can lead to 

1 1. This section is a slightly altered version of a joint paper with F. Brian 
Skyrms published under the title “A Methodological Problem in the Evaluation of 
Explanations’* in Nous, vol 2 (1968), pp 12 1—1 29 This material is used here 
*ith the kind permission of Dr Skyrms and of the Wayne State University Press 
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one can always D retrodict the entire infinite prior his 
tory of the system but we can never even P# predict its 
state at /+ 1 nor (a fortiori) at any future time 

An especially significant application of this machinery of 
infinite discrete state systems will result whenever the state of a 
system at any time / is given by one or more state functions of a 
(continuous) universal parameter say 

«(<) = (/(<) g(t) h(t) ) 

where/(f) g(l) /»(/) are numerical functions of the continuous 
time parameter / Examples would be provided by such physical 
parameters as temperature mass velocity etc that have infinite 
variability 

A particularly interesting case arises when we set out from the 
starting point of a finite DS system but now define a state of 
this system as its second order probabilistic state to be construed 
as a probability distribution over its ordinary first order basic or 
primary states of the orthodox type This transforms the initially 
finite DS system into an infinite one An example will clarify 
matters Consider the finite (indeterministic) DS system 



Non assume that an initial second order (probabilistic) state of 
the system is j/(f)= (r, r x 3 ) where r, = the probability that the 
system is in basic state S| (clearly we will have it that r t +-r 3 +.* 3 == 
1 ) Then its next state is obviously 

i»(»+D = i(f)XM = (i 1 r 2 r 3 ) X M 
where M is the transition matrix at issue Thus 

5/(1+ 1) = (0 5r + r 3 0 4r, 0 6r, + 0 5r*) 
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and is to be explained. Note that, since the S f are an exhaustive 
set of mutually exclusively elements, the columns of the matrix 
must sum to one. 

In general, we suppose that the subject of discussion is a 
physical system of some sort which is capable of exhibiting, at 
any given time, one or another of some group of states Si, S 2 , • . • , 
S„; where these S f are assumed to be mutually exclusive and 
exhaustive. We suppose also that a number of distinct explanatory 
accounts Ej, E 2 , . . . ,E, n are at issue. We assume further that 
some mechanism for dealing with the relevant conditional prob- 
abilities is at our disposal, so that in each case a conditional 
probability matrix of the type II Pr (SJEj)// is defined. 

In the above example, the explanatory accounts were them- 
selves mutually exclusive. However, our discussion will not 
require us to make this or any other general assumption regarding 
the nature of the explanatory accounts at issue. 

It would be quite incorrect to claim that the two criteria which 
we are about to distinguish are the only relevant factors in the 
assessment of an explanation. Therefore, it will help the reader 
to focus on the distinctions we make if throughout this section 
he assumes that the explanations in question are on a par with 
respect to all other criteria of explanatory goodness. As examples 
of such other criteria we might mention the confirmation of the 
explanatory accounts, and their relevance to the occurrence to 
be explained. Thus, for example, suppose we wish to provide an 
explanation for the fact that S, = Mr. X (a rug dealer in Cleve- 
land, Ohio) is of Armenian descent. Consider now the following 
three explanatory accounts: 

E,: Mr. X is an American rug dealer, and 90 per cent of 
them are Armenian. 

E*: Mr. X is an Ohio rug dealer, and 70 per cent of them are 
Armenian. 

E 3 : Mr. X is a Cleveland rug dealer, and 30 per cent of them 
are Armenian. 
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exactly the same explanatory conclusion (explanandum). Thus if 
a wire breaks under the pressure of a given weight, this might 
be because the imposed tension was too high for its tensile 
strength, or because the wire was defective, or even both. All 
three of these would be “ possible explanations” of the fact at 
issue (the wire’s breaking). It is critically important for the 
theory of explanation to consider the ways in which the relative 
merits of such alternative explanations are to be assessed. 
It will be shown here that the idea of the “goodness” of an 
explanation actually involves two significantly distinct concep- 
tions, with the aid of the conditional probability model to be 
developed. 

Some Useful Machinery. Consider the following situation. 
X tosses a coin supplied by Y. Y calls heads and the coin comes 
up heads. X requests an explanation of this occurrence from a 
bystander. The bystander knows that recently a novelty shop in 
the area has begun selling coins biased 7:3 in favor or heads. 
Two explanatory accounts thus suggest themselves to him: 
(E.) that the coin was fair (and so happened to come up heads), 
an (Ej) that the coin was biased 7:3 (and so happened to come 
up heads). Each of these alternative explanatory accounts defines 
^^nbution over the set of all possible occurrences 
‘ eads, S 3 ■— tails). The bystander’s information about 
these probabilities may thus be tabulated in a matrix, IIPr(S,l Ej)//, 
comprising the conditional probabilities of the various possible 
occurrences relative to the several explanatory accounts. The 
specific matrix for the given example would be 


PriSjEj) 

E i . 

E. 

S,: Heads 

.5 

.7 

S 3 : Tails 

.5 

.3 


The arrow indicates that it is S, which has actually occurred 
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explanatory accounts. Usually the concrete context of discussion 
removes the arbitrariness which could, abstractly speaking, be 
present. 

The problem we propose to consider can now be formulated 
in a very general and precise way as follows. How, given a 
conditional probability matrix of the stipulated kind, is one to 
formulate— in terms of the information provided by this matrix — 
suitable criteria for assessing the “goodness” of explanations? 

To start with, consider the following example. We are seeking 
to explain the actual circumstance that some item a has the pro- 
perty P (or belongs to the class of things having P , i.e., a G P). 
We are offered three explanatory accounts. 

E,: {a £ Q)& (Almost all Q's are P's ) 

Eai (a G R) & (A bare majority of P’s are P’s) 

£ T) & (Many, but only a minority of 7”s are P’s) 

It is intuitively clear that E 2 is a better explanation of the actual 
state than Ea, and that E! is a better explanation than E 2 or E 3 . 
Thus in one sense, the “goodness” of an explanation is its com- 
parative strength as determined by the degree to which, as 
contrasted with other explanations, it confers greater likelihood 
upon the state to be explained. Comparative strength is easily 
seen to be determined by the extent of dominance in the row (of 
the conditional probability matrix) corresponding to the state 
of affairs to be explained . 

The foregoing example, for instance, would yield a matrix of 
conditional probabilities somewhat as follows. 



E, Ej 

E, 

S,: (n e P) 

.9 .6 

.3 

S 2 : (a <= P) 

.1 .4 

.7 


It is clear at a glance that E Jt which accords the largest proba- 
bility value to S,, has the greatest comparative strength of any of 
the three explanations in question. 
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We obtain the conditional probability matrix 


Pr(S,/Ej) 

E, E 2 

e 3 

— »s, 

.9 .7 

.3 

S 2 = ~ St 

.1 .3 

.7 


Although Eg is the “worst” explanation of S, of the group E, - E 3 
because it endows Sj with the lower conditional probability than 
any of its competitors do, one is not in a position to discard E3 
in favor of E! or Ej because of its greater relevance to the item(s) 
at issue in S ( . 


Brief notice must be taken of the question of choice in the 
specification of a set of “states.” In some systems, one particular 
set of states is so much at the forefront of our conception of the 
system that this stakes us as essentially the only possible way to 
sort the behavior of the system into states (e.g., the foregoing 
coin-toss illustration). In other cases, the process of “slicing 
the pie of possible circumstances into an exhaustive set of 
mutually exclusive alternative states can be an essentially arbi- 
trary undertaking. Thus suppose that two coins, a and b , are 
tossed simultaneously. One acceptable possibility set of outcome 
states wouM be (S.) H„H e ; (S 2 ) H n T 6 ; (S 3 )T„H & ; (S 4 )T 0 T*. 
Another equally acceptable possibility set would be : S, = two 
ends, S 2 — one head and one tail; S 3 =two tails. In general, 
it should be noted that an acceptable possibility set can always 
be devised by taking S, to be some particular state of the system. 
antUhen taking S 2 as the state of not being in S, (for short. 
S 2 - S,). However, the admitted possibility of choice in par- 
titioning the behavior of a system into “states” does not consti- 
tute any insuperable difficulty for our approach to the study of 
explanations. The particular partitioning of states at issue when 


any concrete question of evaluating an explanation arises, is 
generally dictated by (i) the dialectical context within which the 
explanations are to be evaluated and/or (h) the presence of a 
common theoretical framework presupposed by all the available 
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affairs to be explained has dominance in the column (of the con- 
ditional probability matrix). 

Thus consider the matrix 



E, 

E, 

e 3 

s, 

1 

.7 

.4 

S 2 

0 

.3 

.3 

S 3 

0 

0 

.3 


The three explanations exemplify three importantly different 
levels of explanatory power. 

(I) E, confers probability I on the state to be explained; it 
thus renders all the other ( mutually exclusive) states 
“ effectively impossible ” (i.e , of probability 0) In 
general, if one of the column entries is 1, then all the 
other entries in that column must be zeros (since the 
entries of any given column must sum to 1). The con- 
dition that Pr(SJE,) = 1 therefore corresponds to 
the requirement that Ej must single out the given state 
S*, (from the set of alternative states) deductively 
(at any rate provided that we are prepared to construe 
“effective” as genuine impossibility). An explanation 
which satisfies this condition has the greatest possible 
explanatory power. 

(II) satisfies the weaker condition that Pr(SjEt) > 0.5. 
Since the columns must sum to one. this condition 
guarantees that under the hypothesis E,, S* will be 
more likely than all the other states taken together. 
In other words, given E ( , S A will be more likely than 
not. 

fill) Ej satisfies the still weaker condition that Pr(SjEi) 
simply be the largest entry in its column. Fulfillment 
of this condition guarantees that under the h>polhcsis 
E|, S* must be the most likely single state. 
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In general if Sr ts the actual state to be explained and if 
fMS,/E,) > /V(SVEj) then E, will be said to be a stronger 
explanation of Sj than Ej That explanation (if any) among the 
E, for which Pr(SJE,) is a maximum is to be characterized as 
the strongest ava, table explanation for S„ An inspection of the 
sample matrix given above will show that ,n such cases the 
formal definitions preserve our intuitive value ordering 

This purely ordinal formal, zation of the idea of comparative 
“ ? SUPPleme " ted ^ a measure of the relative 

mosTobvim °" e eXplana,lon ,s *«ro»*er than another The 
most obvious measure that suggests itself ,s the numerical d,f 

0fthe“tate7o'h ‘ he T nd '" 0nal probab,llt ' es “''•he explanations 

“.rongerln ^b'vnr, , ThUS ° Ur exampla E - '™“' d 
-0 3 ,e weaker by 0 3) Thi ddr W ° Uld ** ' han E ' by 

exphnatory accounts mis, 

strength (wthTna rZ^or meaSUre of ,he operative 
strongest available ex Pl a na,ron Es of a giverTstete 

n -1 2 [ Pr <S m /E») -Tr(S m /E,)l 

l-J J 

where n is the number of exnlamfnrx, 

clear that this quantity will range between 0 andT S “* ' SSUe “ ' S 

o.he°r available* ^.anmmnsT has^ee T 1 " 3 " 0 " <re ' a, ' Ve “ 
reference to the row rehuons w thin om S °' e,y W " h 

model There ,s however another more ah' ,'° na proMblll ' y 
goodness of an explanation to ^ 

singles out the (actual) state to be explained r""" 1 ',, ‘° Wh J. Ch “ 
siblc alternative stales Le, us call th. " T ,hc ,ct ° fp0S 
or an explanation its explanatory poner e ° odne ' iS 

have to be meisured w„h reference to the elm ^ h „ 
oHhe condition;' probability matnx and bc JeTned by 
the to nhicl, the position eorrespondmg ,o the stale of 
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strength” of explanations can arise. This can only happen when 
the most powerful available explanation fulfills only condition 
(III) of the preceding listing. It is easy to see that whenever 
the most powerful explanation fulfills either one of conditions 
(I) or (II), then it must also necessarily be the strongest available 
explanation. The possibility of a discord between our two criteria 
of the “goodness” of explanations is thus localized, being 
restricted to the case of explanations that are very “weak 
explanations” (in terms of their explanatory power). For this 
reason, the present considerations regarding the evaluation of 
explanations are relevant only to probabilistic and not to 
deductive explanations. (It is also easily shown that if we 
consider the matrix for only two states, namely (i) the state to 
be explained S„ and (ii) the state of not being in Si(S 2 = ~ Si), a 
conflict cannot occur. Thus the set of explanatory alternatives 
within which the given actual state is being explained con- 
stitutes a crucial factor.) 

The fact that this general agreement between the two specified 
determinants of explanatory “goodness” must necessarily obtain 
with all reasonably powerful explanations is doubtless part of 
the reason why these criteria for the assessment of explanations 
have not hitherto been discriminated with sufficient care. Un- 
questionably another important reason is the almost exclusive 
focus of methodological discussions, up to the most recent times 
upon deductive explanations, to the exclusion of explanations in 
which a significant role is played by statistical and probabilistic 
considerations. 

To summarize this discussion: We have distinguished two 
factors which arc relevant to the assessment of the “goodness” of 
an explanation 

(i) Its comparative strength as determined by the extent to 
which it renders the occurrence to be explained more 
likely than other alternative explanations manage to do. 
and 
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Clearly, an explanation which fulfills condition (I) has greater 
explanatory power than one which fulfills only conditions (II) 
and (III); one which fulfills condition (II) has greater power 
than one which fulfills only condition (III); and one which 
fulfills condition (III) is more powerful than one which fulfills 
neither (I), (II) nor (III). And this is so not only in the context 
of our technical sense of "explanatory power,” but also with our 
informal understanding of these matters. 

If our explanatory account fulfills a more stringent condition 
than some competitors, as regards explanatory power in the 
sequence (I), (11), (III), we shall call it a more powerful explana- 
tion. Explanatory power is clearly yet another determinant of the 
goodness" of explanations. 


It remains to consider what formal relationships, if any, hold 
between the comparative strength of explanations and their 
explanatory power. The reader may already have noticed that in 
ic ast matrix given, the ordering of the explanatory accounts 
i on the basts of comparative strength coincides with the 
ordering on the basts of explanatory power. It is an interesting 
Th 3 S ^i a ® reement nee d by no means be the case in general, 
hus consider the following conditional-probability matrix: 



E, 

£3 

s, 

0 

.1 

'S, 

.4 

.3 

Sj 

.6 

m 2 

S. 

0 

.2 

s, 

0 

.2 


Although E, is the strongest available explanation or S, as the 
actual state, E. is the more powerful explanation of this occur- 
rence. Here then we see. in effect, a conflict between these two 
determinants of explanatory “goodness.” 

A word must be said about the circumstances under which such 
discord between the “explanatory power" and the “comparative 
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modern philosophy, teleology has to do with “economy” or 
“simplicity” or “efficiency” in nature as evidenced in the basic 
role of minimax and conservation principles in physical science. 
For our present purposes, however, we lay aside these classical 
concepts of teleology. We shall here construe “teleology” in a 
way that relates solely to the role played by the time factor 
in explanation, as evidenced in the temporal scope of the data 
requisite for explanatory purposes. On this approach, the issue 
of teleological vs mechanistic explanation comes down to the 
difference between the process of a fronte explanation of events 
in terms of their chronologically posterior successors as con- 
trasted with a tergo explanation of events in terms of their 
chronologically anterior predecessors. 12 On this basis then, a 
“mechanist” will insist on the general sufficiency of a fronte 
explanation in science whereas a “teleologist” will maintain the 
necessity of a tergo explanations. 

From this standpoint of the chronology of explanatory data, 
there will be no one monolithic and unitary concept of teleology, 
but rather a whole spectrum of teleological positions. Specifically, 
room will have to be made for at least six major ways of formulat- 
mg the doctrine of “teleology”: 


(Tl) Every occurrence can be explained a fronte only (so 
that no occurrence can possibly be explained a tergo;. 

(T2) Every occurrence can be explained a fronte (although 
some-or even all-occurrences can possibly also be 
explained a tergo.). 

(T3) Every occurrence can be explained only if some a 
fronte (i.e., chronologically posterior) data are 
available ( and cannot possibly be explained solely 
a tergo; although some a tergo (,.e„ chronologically 

12 One recent precedent for this c ^„ j^A^Crunbaum. 'Ton- 

or teleology ,S afforded by the discuss: ion Ex pl 3n3 tion and Prediction. 

Porally Asymmetnc Principles, Pant) . b Scl „„. vol 29 (1962), 

and Mechanism versus Teleology. Fhitosopm oj 
PP 146-170 
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(ii) Its explanatory power as determined by the extent to 
which it renders the occurrence to be explained more 
likely than other alternative occurrences. 

Introducing the machinery of a conditional probability matrix 
to register the probabilities of the possible alternative occur- 
rences relative to the several given explanatory accounts, we see 
that these two factors are, viewed conceptually, sharply distinct: 
the former having to do with row relationships in the conditional 
probability matrix; the latter with column relationships. The 
discussion has shown that there will in some cases be an actual 
discord between these two criteria. In practice, an outnght con- 
flict between the explanatory power and the comparative strength 
ot explanations can only occur in cases of explanations with low 
exp anatory power. This localization of the area of possible 
discord Should not, however, be taken as militating against 
the conceptual importance of the distinctness of these two 


B. Chronologically Teleological Explanation and Teleology versus 
Mechanism 

point, rPc PrCSen ‘ f C ' i0n thc ,eadi "S conceptions of the fore- 
going discuss'on of explanatory concepts will be brought to bear 

£ “ aB ,' te,ed i5SUC ° P “teleology" vs ••mechanism" in 
linns rppnr l anallon * BuI ^ rsl some preliminary considera- 
■ ‘ ' 8 . c esscm| al ideas of teleological and mechanistic 

explanation arc in order. 

"lewil f u TOses of the present discussion, the concept of 
, aa 'Is. opposite) WI H be conslrucd in a somewhat 
artificial and technical chronologic sense. In Aristotle, a 
founding father of .he teleological school of thought, teleology 
has to do fundamentally with explanations given in terms of 
functions and purposes. In Leibnia. the principal tclelogisl of 
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(M2) Every occurrence can be explained a tcrgo ( although 
some, or even all , occurrences can possibly also be 
explained a fronte). 

(M3) Every occurrence can be explained only if some a 
tergo (i.e., chronologically anterior) data are 
available; and cannot possibly be explained a 
fronte, although some a fronte (i.e., chronologically 
posterior) data may actually be needed for its 
explanation in some, or even in all, cases. 

(M4)-(M6) Exactly as with ( M1)-(M3 ) above, except for 
changing the initial “every” to " some 

Historically speaking, there are but few (Ml)-mechanists, 
of whom perhaps the most notable is Descartes. But the philo- 
sophical woods are full of (M2)-mechamsts, including of course 
Leibniz, who argues at much length the compatibility of (M2) 
with (T2). 

It is important to recognize the paucity of contradiction rela- 
tions between the various kinds of “mechanism” and “teleology.” 
They are exhausted by the following tabulation of 15 out of 36 
possibilities: 

(i) (Tl) is incompatible with all (Mi)- 

(ii) (M 1) is incompatible with all (Vi). 

(iii) (M2) is incompatible with (T3) and (T5). 

(iv) (T2) is incompatible with (M3) and (M5). 

This listing of various contradiction relations that obtain between 
the several versions of chronological mechanism and teleology 
is complete. In consequence all sorts of concurrent and simul- 
taneous espousals of versions of both mechanism and teleology 
are conceptually possible. Since (Tl) is effectively a “strawman” 
thesis which has never found actual advocacy, we may view the 
conflict of “teleology” vs “mechanism” as exemplified by: 

(I) The conflict between (Ml) and the various (Ti), 
and particularly (T2) as the “strongest” version of 
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anterior) data may actually be needed for its explana- 
tion in some— or even in all— cases ) 

(T4)-(T6) Exactly as mth (T1)-(T3) above, except for chang- 
ing the initial “every" to “ some " 


This inventory of six formulations of “teleology” lists the 
positions in order of what may reasonably be characterized as 
decreasing strength On this basis we can speak of compara- 
tively “weaker” and "stronger” formulations of teleology 
Furthermore, each thesis is itself equivocal with respect to its 
inclusion of the key term “explained,” which can be construed 
in either a stronger or a weaker sense (D-explanation or P- 
explanation) 


Let the term “explanation” of (T1)-(T6) be for the present 
cons rued in the sense of D explanation, and let us now raise the 
quesUon o the extent to which these “teleological” positions 
can be associated with flesh and blood adherents To the best of 
J pr knowled B c n ° philosopher, scientist, or theoretician has 
nf t i S ^° USe £ ^ Thls ls certainly rather a showcase version 

On .h* W . h ° S ? Interest ,s rather speculative than historical 
. , er an ’ tbere ,s no Question that Leibniz espoused 

this hendi S ° m ? poss,b,,lly (though I have reservations on 

th, head) that Ans. o,| e may be regarded as a subscriber lo (T3) 

(in ni '' n f " , are t * le “strongest” versions of "teleology" 

legitimating credenhals tenn) ,ha * ca " * cb.m to historically 

„„ ( ;:7 SPOnd ' ni; , t0 lhe fore Boing versions or "teleology" 
„ ‘ re an e< * ua number of counterpart versions of “mechan- 
ism its contradictory, ob.amed each case by the simple 
expedient of uttmhangmg the expression “n frame " and 
a tergo in the previous formulations of (TI)-(T6) The six 
resultant versions of "mechanism" arc as follows 


(Ml) El on occurrence can be explamed a tergo onl) (so 
that no occurrence can possM> be explained a 
fronte) 
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discussion. Note that each S* has only one arrow arriv- 
ing (so that the past history of all previous states can be recon- 
structed once the current state is given), but that every S f has 
two equiprobable departing arrows, so that the future states 
can never be predicted (in any sense of “prediction ). And 
consequently, a given state can never be “explained” (in any of 
the three senses) in terms of data regarding only antecedent 
states. 

Illustrative Case 3. A DS-system which exemplifies (T3) — 
but not (T2) — and also exemplifies (M3) — but not (M2) — with 
“explanation” understood as D-explanation. 

discussion. Consider again the example cited in the 
discussion of thesis (T5 . 10). Note that only if we know both 
the immediate predecessor and successor of a given state can 
we explain (in the deductive sense) that state itself. That is, 
only if we know both X and Y can we (deductively) fill in the 
blank in the sequence X—Y. 

Of course DS-systems can also readily be exhibited to illus- 
trate the other logically possible coexistence relations of the 
various types of “mechanism” and “teleology.” The principal 
reason for selecting the foregoing three cases is their capacity 
to illustrate concretely the possibility of systems exemplifying 
the three strongest types of “teleology.” 

One important point regarding “teleology” (in our narrower 
sense) is clearly brought out by the foregoing considerations. 
This is the fact that there is nothing improper and illegitimate 
about teleology per se , at any rate from the standpoint of the 
special kind of “teleology” under consideration here. For it is 
a strictly empirical question whether a physical system has laws 
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teleology (Incidentally, from this standpoint it would 
appear that it is “teleology,” and not “mechanism” that 
merits the palm of victory, since (Ml) finds little 
warrant or support on the contemporary scientific 
scene ) 

(II) The conflict between (M2), on the one hand, and (T3) 
or (T5) on the other 

(III) The conflict between (M3) or (M5). on the one hand 
and (T2) on the other. 


We may, 1 believe, justifiably regard (II) and (III) as the only 
realistic” versions of the “conflict of mechanism vs teleology ” 
ut in any event, any accurate discussion of this problem requires 
me discriminations to be made between vanous types of “mech 
j" 1 *™ an ^ teleology, discriminations which may, as our 
discussion has shown be far more subtle than at firs, meets the 

eye 

dliTstmtT'r 8 10 rna ' ns,reani of our discussion, we shall now 
vinl V dy r by means 0f how some of the 

physical systems * *" d coexist m 


and (M2^Tt V h" CaS t C ' A ° S system whlch exemplifies (T2) 
and (M2) with explanation" understood as D explanation 


003 


s, 


S{ Sz 


1 


Sj [ 1 0 

state nf ("hp S «v^f N 11 >S ^ ° nce ev,dem that, given the actual 
system n h I T c”! * any ,,me /= = '• ‘he entire history of the 

system past and future can be specified 

Case 2 A DS system (infinite) which exempli- 
Acs (TO-thus precluding all (M/)-u,th - explanation" under- 
stood as D-cxplanation 
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covers a wide variety of distinguishable species: It includes ail 
of the special relationships that obtain when a body of discourse 
“supports” some proposition in any of the numerous appropriate 
senses of this term, ranging from the most demanding species 
of evidence which calls for establishment of a conclusion “beyond 
the shadow of a doubt,” to the most provisional and tentative 
modes of argument, such as analogy or “circumstantial”evidence. 
The evidential relation holds whenever we must give some 
weight or credence to the conclusion upon some given statements 
(the evidence) as hypothesis. 

The logical nature of the concept of evidence is a matter greatly 
in need of theoretical analysis and clarification. A study of this 
relationship, and an endeavor to supplant the purely qualitative 
concept of “constituting supporting evidence” by a qualitative 
measure of degree of evidential support, is one of the principal 
tasks of modern formal inductive logic. In recent years, important 
progress toward a solution of this problem has been made, 
particularly by K. R. Popper, C. G. Hempel, and Rudolf Carnap, 
and the work has also been earned forward by J. G. Kemeny and 
Paul Oppenheim, and others . 13 In the following section we shall 
enter upon this large and technical subject. For the present, 
it will suffice to note in a preliminary way some few characteristics 
of the concept of supporting evidence that emerge from the logical 
analysis of this concept. 

13. The pioneenng works are Popper’s Logik der Forschung (Vienna, 1935), 
Hempel’s “Studies in the Logic of Conformation," Mind, vol 54 (1945), pp 
1-26, 97-121, and Carnap's Logical Foundations of Probability (Chicago, 
1950) Other contributions include Kemeny and Oppenheim. “Degree of Factual 
Support." Philosophy of Science, vol 19 (1952), pp 307-342, Popper, “Degree 
of Confirmation,” The British Journal for the Philosophy of Science, vol 5 
(1952), pp 143-149, a review of the preceding by Kemeny in The Journal of 
Symbolic Logic, vo\ 20(1955), pp 304-305, Popper. “A Second Note on Degree 
of Confirmation.” The British Journal for the Philosophy of Science, vol 7 
(1957) pp 350-353, and the writer's paper, “A Theory of Evidence.” Philosophy 
of Science . vol 25 (1958), pp 83-94 The literature is helpfully surveyed in 
Henry E Kyburg. Jr , “Recent Work in Inductive Logic.” American Philosophi- 
cal Quarterly, vol 1(1964) pp 249-287. 
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of the type that render it somehow “teleological” in the sense 
of our discussion. Thus there is no justification for any broadside 
dismissal of teleology as intrinsically unscientific. And indeed 
it must be recognized that even a system that is “mechanistic” 
in some appropriate sense may yet be “teleological” in another. 

It must be stressed that the foregoing considerations are of 
an epistemological and not ontological character. We have made 


no attempt here to argue the thesis (which may be true, but is 
beside the point in any case) that teleogical and/or mechanistic 
systems of the types described are commonplace in physical 
realization, being frequently exemplified in nature. The main 
aim as een to show that the issue of mechanism vs teleology, 
w cn viewed after the chronological manner of our present 
discussion, is an essentially empirical, scientific question that 
i s upon a study of the actual facts, and is not a theoretical 
nrom - ^ be Sett ^ ec * abstract reasoning from a priori 
or of conceptual analysis^ ** °" ^ of methodo,0 8 i<:aI 


Explanation and its Cognates as Fundamentally Evidential 
Reasonings: Evidence versus Demonstration 

. it. epiS,e T'° 8iCa ' conce P l in terms of which explanation 
be cxnHrnwl^' w*' 0 " and retrodiction. can most effectively 
He re w r i br ° ader concept of supporting evidence. 

«dn ... Th " f ' ‘I Se " eriC h0me f ° r ,hree of ,hese P r °- 
evfde , l HCy ^ particular of the generic family of 

evidential reasonings. Before developing this theme, however, it 

nature of evidence. *° ° f 5 ° me P ° in,s rclatins 10 ,he 

The question or the epistemological character of the eviden- 
la re ations ip the relation obtaining between evidence 
statements upon the one hand and a statement supported by them 
upon the other-, s complex and ramified. The evidence concept 
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justification of a prediction in precisely those cases in which we 
are confronted with the evidence relevant to the prediction, 
and find that this supports the predicted possibility more than 
its principal alternatives, i.c., when the weight of evidence in 
favor of the predicted eventually exceeds the weight of the 
evidence in favor of the competing candidates (its principal 
alternatives). And whatever has been said here about reasoned 
prediction applies to reasoned rctrodiction as well. What 
more than this could reasonably be asked of a reasoned predic- 
tion? 

But with explanation too the situation is analogous. As we have 
been concerned to show at some length, the weaker probabilistic 
modes of explanation must be recognized along with the orthodox 
deductive mode of explanation. (Otherwise — if only this most 
rigorous mode of explanation is alone recognized — then, given 
the stochastic revolution in modern physical science, many 
occurrences would have to be classed as “inexplicable” for which 
an account can be given that assures all possibly appropriate 
demands for undertaking.) And once these weaker sorts of 
probabilistic explanations are recognized, the fundamentally 
evidential nature of explanatory reasoning is exhibited. Explana- 
tions also may thus be assimilated to predictions and retrodictions 
as fundamentally evidential reasonings. 

To summarize these considerations: It is important to distin- 
guish between evidential and demonstrative reasonings. Explana- 
tions, prediction, and retrodiction are fundamentally evidential, 
and evidence is the epistemological concept in terms of which 
the kinship between these three types of empirical reasonings 
can most effectively be explicated. In the interest of accurate 
logical taxonomy it is necessary to classify all of these— explana- 
tion definitely included— as generically evidential rather than 
specifically demonstrative modes of reasoning. The domain of 
scientific explanation as a whole falls within the scope of the 
general theory of evidence, a field of which legal evidence, for 
example, would constitute yet another branch. 
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There is, to be sure, the very significant mode of conclusive 
evidence, evidence that wholly establishes its conclusion. But 
by adducing evidence in support of some proposition we will 
not, at least in general, go so far as to establish this proposition. 
It is only necessary for evidence to render its conclusion more 
tenable or more likely than before, i.e., more probable a pos- 
teriori than a priori. Evidence, then, is by nature a logically 
weaker mode of reasoning than proof, in any of the senses of that 
term. The central and fundamental fact of the theory of evidence 
is that one statement may constitute evidence for another which 
goes significantly beyond it in assertive content. This at once 
differentiates evidence from entailment or deductive demon- 
strabon. A true statement may legitimately provide evidence for 
a alsehood, and one statement may constitute evidence for each 
of several incompatible statements . 14 

i ^ eserves pr,rne emphasis is that evidence admits 

nr n , r C ° Un,erpart demons, ion; «. ,oo, is a 
t esJhl-r y ' n 8 u r8Umcmmi ™- bul ,he lo S' cal relationship 
it. inei nf ■ T m ° re ,em,0US - (For this reason, 

we must h . app lca h° n ls much wider.) In giving a demonstration 
we must bring forth considerations that render the acceptance of 

lviden° ? V ' eW WC " " iEh mandatory. In adducing 

accc tance '^oT ai h mere * y k ” 08 ^ orttl considerations that render 
Ewden" , he proposition more palatable than before. 

■ ' hp "' 15 a modc ° r reasoning which is a logically weaker 
cogn ,e of demonstration or proof. I, is structurally similar 

furnish re “°" 5 SUPPOrt of a ronrlusion, but it may 

manner support ,n a far more inconclusive and tenuous 

Now it is just this distinguishing feature between evidence 
and dc m onstra., on that renders |he conccpt of pecu|iar . 

y Itting for the logical characterization of explanations and 
reasoned predictions. As regards predictions, we have a reasoned 

,r ' a "”"' ° f ' h "'- °" J r<.n„dcn,„on, u.tl hr 
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relation will be construed as a logical relationship between state- 
ments , analogous in this respect to the logical relationships of 
entailment, equivalence, and incompatibility. This logical 
relationship is to be interpreted as obtaining between two state- 
ments just in case the former affords evidence for the latter (in 
some appropriate sense). 

Throughout, we shall make full use of the notion of the “proba- 
bility” or the “likelihood” of a statement. A real-valued function 
Pr(p) defined for all statements p that belong to a body of 
discourse D is to be called a likelihood or probability measure 
on D if the following three conditions are satisfied: 

(LI) If p is in D, then Pr{p) is always a real number ^ 0 
(L2) if p is necessary, then Pr(p) = 1 
(L3) If p and q are incompatible, then Pr(p V q) = Pr(p) + 
Pr(q) 


Several points of usage and notation must be exp/ained. 
Throughout, “p,” “< 7 ,” “r,” . . . , will be used as propositional 
variables with range D. The signs “ ~ ”, “ & ”, and “ V ” will 
be used for negation, conjuction, and disjunction, repectively. 
The arrow “ — > ” is used as a symbol for the logical relationship 
of entailment (i.e., strict, not material, implication). Further, p and 
q are said to be incompatible if p — * ~q. And p is inconsistent 
if incompatible with itself, and necessary if ~ p is inconsistent. 
Conditions (L1)-(L3) are axioms for the probability function, 
and assure that Pr obeys the usual rules for probability as 
developed in the mathematical theory of probability . 16 Specifi- 
cally, whenever Pr(q) 0, we can introduce a measure Pr(p, 
q) of the conditional likelihood of p on q: 


Pr{p, q) = 


Pr(p&q) 

Pr(q) 


16. P. R Halmos. ‘The Foundations of Probability.** American Mathe- 
matical Monthly, vol 51 (1944), pp 493-510. 
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10 The Logo of Evidence 15 

As was argued in the previous section explanation as well as 
the cognate procedures of prediction and retrodiction are all 
fundamentally evidential modes of reasoning In the interests 
of a fuller clarification of these concepts it is therefore desirable 
to examine the logic of evidence more closely Probable 
evidence as Bishop Joseph Butler wrote in The Analogy of 
Religion (1736) in its very nature affords but an imperfect 
hind of information We shall consider what sort of information 
it does afford the better to understand in what respects it is to 
be considered imperfect 

In the present section two distinct albeit related conceptions 
o cvi ence will be explicated and analyzed confirming evidence 
y means of which a thesis is established and supporting 
evidence winch does not establish its thesis but merely renders 
it more tenable The formal characteristics of each of these con 
ev,d ® nce W1,! be examined m detail after we have dealt 
vi e auxi lary notion of evidential presumption Thereupon 
these considerations will be used as basis for a survey of rules 
° cu< ,n order to establish the logical characteristics of the 
e i en la re ationship Finally we shall append some indications 

theory'of evidenc^ 0 ^ 0 ^ 0 ^ 1011 * ^ eann ® *bis stu dy of the logical 

The evidential relationship can be taken to obtain both between 
P^Pentes and between statements Thus being British con 
stitutes evidence for speaking English just as Mr X is 
British constitutes evidence for Mr X speaks English In 
. C P re8ent * e< ^ ,on for sake of expository convenience 
is ua i y c it c evidential relationship is resolved in favor of 
emcnts or t e purposes of this inquiry the evidential 

Pt nU Pn r T Vm, ° n , 0f ’ h,S ,cc,,on *PP««d as A Theory of rvulcncc 

V01 250938) 83 ~ 94 In wnnnE.h,s ancle Ihe 

Kemeny consimci.vc cm.c.sms by Ohf Helmer and John G 
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10 The Logic of Evidence 

As was argued in the previous section explanation as well as 
the cognate procedures of prediction and retrodiction area 
fundamentally evidential modes of reasoning ■" the , 
of a fuller clarification of these concepts it is therefore es 
to examine the logic or evidence more closely ' 
evidence' as Bishop Joseph Butler wrote in Tie Analog 
R, (1736, -tn its very nature, affords but an imperfect 

hind of information " We shall consider what sort of inform ^ ^ 
it does afford the better to understand in what resp 

be considered imperfect mnceplions 

In the present section two distinct albei re ude „ ce 
of evidence will be explicated and ana yzed co fi * 
b> means of which a thesis ,s esWbhshe .V"t e ly renders 
< i ulenci which does not establish its thesis feachof these con 
it more tenable The formal ch-uacteristica ofeacho thM ^ 
cepts of evidence will be examined in etai * Thereupon 
with the auxiliary notion of ei idcnttal , pr ""'" P ',. urvey of rales 
these considerations will be used as bisls . tensU csofthe 
of, . in order to establish tte 0 ^" 0 l" in d, canons 

cv identi >1 relationship rmallj » e sha' ‘ PP f th e logical 

reeirvhne the methodological bearing of this V 

theorv of evidence , obtain both between 

I he ev identi d relationship can be taken t Bnl , sh ’ con 

prop* rtiev and between "airmen's Thus ^ Mr X is 

stitutes evidence for speahmc Eng« ks English 1" 

liiittsh constitutes evidence tor ‘ ' lor> convenience 

the present section for the sake ° f° re sohcd in favor 0 
this dutlitv or the evidential rcht, °"® P the evidential 

statements lor the purposes of this memo 
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these conditions, can be introduced. This would be a measure— 
here designated “dep” — having the characteristics embraced in 
the following conditions: 

Criteria of Adequacy 

(DEP 1) dep(p, q) is a function of the quantities Pr(p, q ) and 
Pr{q) 

(DEP 2) 0 =£ dep (p, q) I , for any p, q 

(DEP 3) If Pr{q) = 1, then dep (p, q) is ^ or > 0.5 according 
as Pr(p, q) is or 2 = 0.5 
(DEP 4) If Pr(p,q) = 0, then dep (p, q) — 0 
(DEP 5) If Pr(p t q) = 1 , then dep (p, q) — Pr(q ) 

(DEP 6) If Pr{q) = Pr(r) and Pr(p,q) Pr(p t r), then 
dep (p, q) 5* dep (p, r) 

On the basis of these criteria of adequacy, a dep-measure can 
be established as follows: (i) Let x= Pr(p,q) and y = Pr(q). 
Then (DEP 1) is satisfied by defining dep (p,q) as a function 
F(x, y) of x and y. (ii) By (DEP 6) the function F is monotonic 
in x. The simplest assumption, therefore, is that F is linear 
in i.e., that F(x,y) ^ x - G(y) + H(y). (iii) By (DEP 5), 
f(lO’) s y, and so G(y) + //(>’) = y or //(>’)- y~ G (y). 
Therefore in general, F(x,y) s G(y) +y— G(y) = y+ 
'r-l)G(y)' (iv) By (DEP 4), 0 ^ F(0,y) ^ y-G(y). 
q au q (y) = y. Thus by (iii) we have H(y) *s 0. Therefore 

i , ” con, » v v.’.e., dep (p.q) = Pr(p, q) • Pr(q). The reader can 
onditioi. ,^ at measure dep (p*q) = Pr(p y q) • Pr(q) 

satisiil ssu ^ c j conditions of adequacy. 

Abstract ,Yom the likelihood of q itself, and thus resisting, 
for the moi lit, the temptation to “simplify” the product 
Fr(p,< 7 ) • Pr(<i to Pr(p«lp), it can be seen that Pr(p,p) measures 
the relatiic degree of evidential presumption, relative to the 
hypothesis q accepted as given. This shows that the measure of 
degree of confirmation as treated in the extensive literature on 
confirmation is based upon the mode of evidential backing at 
issue in the concept of ei ideniittl presumption. 
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The likelihood measure Pr is in essentials identical with the 
measure introduced in connection with the definition of a degree 
con rmation among statements On this subject the reader 
s referred to R Carnap’s Logical Foundations of Probability 
Chicago 1950) Several methods exist for the actual computa 
ion of numerical values of such a measure for statements within 
nguages of various (generally quite simple) types >' However, 
no details regarding any particular, specific determination of a 

of a me ar r ‘ reqU ' red F ° r present Proses, the notion 
wav as n a S ' a r ,ement llke,lhood will be used only in a general 
preClse «*■«*■«• «f « certain aspects 
recardinv ev a IndCed ‘ he ensu,nB conceptual considerations 
ment hkeliho 3rd Valld even ,f numerical measures of state 
E a measure ^ d,spensed w,,h However, «« of 

tion and exposition ^ Stan “ an >' s "PPhfy problems of explana 

for the statement m r y be Said t0 const,tu *c & presumptive factor 
hypothesis rend P ’ ' Wel1 esta bbshed and if taking q as an 
likelihood measure" ,han " s ne Bation ■» By use of the 

evidence may be formulated as '"" 03 C ° nd ' ,,0n f ° r C ° nfirm ' nB 

Prf P <?) & Pr{~p q) 

MpljfdT," ° f Pr ' th ‘ s c °" d '“°" can be seen to a- - 

cv,demiar p « SU mm° p&?) & .Thu Jc.ween 

that relative to it Pl '° n ^ P ,f q ,s a slat ™™ <,ftlsh ’ con 
A measure “d . m ° rC ' ,kely ,han " 01 ' ' Mr ' 

dcncc 17 ) designed 'uTc 1° f * v,dc "" al prcs " m P' " P on evi 
orrespond to the conce embodied in 


i be consulted for 
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sh ° j u — 

dncuMeil ^ “W" ng evidence in Ihe .erne 10 be 

P fW" 1 n lets than Ihe lil.erh"“rS ,,C f “ ,,>r t °”‘ a " h «“S h ' h ' I lei hood 
f’ ""“ever ,1 can be ibo» n ' * P T'i ”" 1 " ,,hc « pr ' ,,rl blel.hiwd of 
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P l ' ' lieve o priori libel hood in excess of 5 
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y G{x,z) + H{x,z). (iii) By (DES3) we have that F(x,y,z) = 
0 if x = z, i.e., if Pr{p & q) = y • z. Since Pr{p&q) ^ Pr{q) — y, 
we have that if y = 0, F = 0. Therefore H = 0, and F(x t y, z) — 
y-G{x,z). (iv) Under the assumption that z «£ x, so that (ii) and 
(iii) apply, we now use (DES 6) to remark that for fixed y, G is 
monotonic in x. Again, the simplest assumption is that G is linear 
in x, i.e., G ( x , z) = x */(z) + g (z) . (v) Thus by (DES 3) we have 
that if z=s jc, G(z,z) = Z‘f(z)+g(z) = 0. Therefore g(z ) = 
— z */(z), and so we have that in general G (x,z) ■ /(z) * (t— z). 
(vi) Still assuming that z ^ x, so that the previous steps apply, 
we have by now (DES 5) that y = y • G (l.z) ^ y -/(z) ■ ( 1 — z) , 
so that /(z) s 1/(1— z). Therefore if z x,F(x,y,z) = (x — z)/ 
(1 — z) • y. (vii) It remains to deal with the case z x. In this case 
we can use the above to compute 


, , „ (1 x) (1 z) z-x 

des (~p, q) *= — 


Therefore, using (DES 4), we have that des ( p , q) = 
C(jr — z)/z] - yin this case. 

The stated conditions of adequacy thus lead to the measure 


or 


des ( p,q ) = 


Pr(p,q)~Pr(p) 
1 -Pr(p) 


Pr(q) 


Pr{p,q)-Pr(p) 

Pr{p) 


Pr(q) 


according as Pr{p*q) is or Pr(p). The reader can readily 
check that this measure will satisfy all of the criteria of adequacy. 19 

Abstracting from the likelihood of q itself, it is seen that the 
ratio of Pr(p,q) — Pr(p) to Pr(~~p) or Pr(p), according to 
Pr(p.q) is or =s Pr(p), measures the relative degree of 
evidential support, relative to the hypothesis q accepted as given. 
Tliis quantity may be said to measure the rt idential relevance 

1*5 This measure was devised by the writer in the course of a collaborative 
invcstipnion vsuh OlafHctmer. of evidential reasoning in ihe social sciences 
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As mentioned earlier, two related concepts of evidence sup 
porung evidence and confirming evidence are the focal points of 
the present study I turn now to an examination of these concepts, 
and to the establishment of a measure of degree of evidential 
support analogous to the degree of evidential presumption which 
has been explicated 

By evidential presumption a statement is rendered more likely 
on not upporting evidence, on the other hand, renders a 
statement more likely than before, , e , more likely a posteriori 

be sJd 7*1 ° Pn0n ThUS 3 (weM “tabhshed) statement q may 
, , I t°i ^ Supp ° r " ns evidence for the statement p if the condi 

ketl n n r „ ' P ° nq ' S 8rea,er than (or e£ l ual ‘he absolute 
likelihood of p p r ( p , q ) ^ 

introduce^Th meaSUre of degree of evidential support can be 
he chamc, Js designated “des"-shou.d have 

‘he characteristics embraced ,n the following conditions 

Criteria of Adequacy 

des ( p , q) is a function of the quantities Pr(p, q) 
Pr(p) and Pr(q) 

-1 55 des (p,q)^ I , for any p, q 
^Pr(p) * S 85 or 25 0 according as Pr(p t q) is =£ or 
des (~-p, q ) = _^j es ^ ^ 

If/V(p l.thendestp q) = P r(q) 

rrtq) ~ Pr(r) and Pr{p, q) s: Pr (p , r) , then des 
(P d) s des (p,r) 

- r) and Pr(q) 

— T bc 

Pr (p) Then inpcn W q) y *= Pr{q) andz = 

function r (x \ •) 0 r , ' S sa ' ,sr ' cd b V defining des(p.</) ns a 
fixed j & - r ' a ndz (n) By (DCS 7) uc have that for 
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°f 9 f° r ,s a measure of how much the credibility of p is 
decreased or increased when q is given 10 The nature of this 
measure is indicated by the graphs in Figure II-l. 

20 In recent rears, considerable allenlion has been given by logicians lo 
the development of measures of the content of a statement, and of the degree of 
refet once of one statement to another Some major comnbutions to the discussion 
° “s * re (1) L Teactam r Logica-Philosophieus 

n m k R _ Popper " borscht, ng (1935) (3) C. G Hempel and 

LiTim^ lhC Lt>S,C ° r Confirmation " Philosophy of Science. 

Ilusili . ..’f p 5-175.(4) R Carnap Logical Foundations of Probability 

S’l r , K ™ e ' ,y -'' A Loental Measure Function." The Journal of 

fhe eote^T' IS (1953), pp 289-308 This investigation of measures of 
relevant ° ° statement ’ "hile closely related and relevant to a discussion of 
relevance among statements, covers a separate pornon of ground 

KevneT “ n, " b " , “ ,ni “ * be discussion of relevance measures include (I) J M 
atavc HW r I- Pr0bab,l ' r> ,,921 > < 2 > "'n’t timber 2 and (3, number 4 
nZ'ookeor? )■ P Ott'nbeim. “Degree of Factual Support." 

CoSmn"' Z'-tl' 19( ,'e 5Z) - PP HO’-^d.tSfK R Popper, "Depee of 
pp 143-149’ (See in J ° u, " al f° r " ,r Philosophy of Science, vol 3 (1954), 
Zi'nolcrsJhZ "IT of ,hc las > timed paper by Kemeny n The 
201I!> «1.PP 304-305, 

oph> ofSctlnce 14^*™““’°" br ° ke lh ' Journal for the Philos 

measures is or inlOTstTn’re teahne^ '° nlirn, f' or >' relevance among slalements 
(among other thines) Thu ri 8 rc,aUonshl P s a "d «n illustraung the many 
PP 155-V57 vol 7 119^1 ,ncIuded V Bar-H.Ilel (vol 6 [1955], 

"3. vol S pp 2«-2 P 4 » R P ° PP "‘'°' «II95Jl.pi 157- 

PP 243-244) This discussion r and R Campp (vol 7 [1956], 

serviceability of alternative relevance mea 1 ”’'?' 1 ' relevam - has dea, ‘ ” ,th lhe 
confirmation nce mcasures for vanous uses in the theory of 

either intent or substance UMhe m COns,d ' red ,n ,hls ,ltcraIure correspond in 
and explicated here None th* i COncept of cv *<*cntia! relevance as understood 
different forms or the relevance ^ mpanson amon S »he principal relevance- 
provided by Kemenv in the ^ ^ S,art,ns P° ,m of such a companson is 
follows (A) Sc'rT C “ Cd aboVC and the upshot ,s essentially as 
' How sure are we of p if weTr* l ° analyzc ,hc measure inherent in the question 
Oppcnhcim deal wuh the Question*?** ** cv,dcncc ' , ' (B > Popper and Kcmcny- 
without o'*” irt The ” OW muc k surer are «c of p given q then 

question How much is our confiT^ ° f * Vldcm,al rclesance deals with lhe 
•f 9 is pven - * Various altemanv C " CC *” * he tnnh ° f p mcrcascd or decreased 
relevance arc surveved in ™ ti * “PProaches to the measurement of evidential 
•Recent ^or^mVndtictive ' urn,n ^ ,in S m Henry C. Kjburg Jr. article on 
1 1964) pp 2-t9-287(sec pp ■» 7 * mencan Philosophical Quarterly, vol I 
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of q to p, for it is a measure of how much the credibility of p is 
decreased or increased when q is given ! » The nature of this 
measure is indicated by the graphs in Figure II- 1 . 
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We can now finally introduce our specification of the concept 
of confirming evidence The statement p is confirming evidence 
for q if (l)p is a presumptive factor for q, and (2) p is supporting 
evidence for q Thus confirming evidence must at once render 
its hypothesis more likely than before and more likely than not 
This two pronged concept of confirming evidence perhaps most 
closely approximates to the idea represented by the common 
usage of “evidence ” 

Having analyzed the nature of the evidence concept and 
distinguished various significantly different modes of evidence, 
let us now turn to the forma! logic of the evidential relation, 
conceived as a logical relationship between statements Three 
classes of rules will be of primary interest rules for confirming 
evidence which are valid for both evidential presumption and for 
supporting evidence and special rules which are valid for only 
one of these subordinate evidential concepts In addition there 
are certain rules which may appear plausible at first sight but do 
not hold for any of these senses of evidence A number of these 
illicit rules will also be listed 

A formal theory of evidence is an addition to the logical theory 
ot necessary inference and represents an extension of such a 
theory to encompass certain less rigid and demanding modes of 
in erence Here then a system of deductive logic is presupposed, 
and additional rules for the evidential relationship- to be 
enotc y the symbol “ E ’ — will be conjoined to this system 
e acceptability of a proposed rule of evidence as applicable 
to t e two relationships of evidential presumption and of support- 
ing evidence will be tested by use of the explication of these 
concepts in terms of the likelihood measure Pr On our approach 
t c tmqua tfied acceptability of a rule to confirming evidence will 
be construed to amount to its applicability to both of these In 
this testing process the interpretation of “E ' is such that 

(0 Tor evidential presumption pEq amounts to Pr(q p) 
Pr(~q p) .e Pr{p& q ) B /> r ( p& ~,) 
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(ii) For supporting evidence pEq amounts to Pr(q,p ) ^ 
Pr{q) t U.,Pr(p&q) 5* Pr(p) • Pr(q). 21 

The validity of proposed rules of evidence will be tested by these 
interpretations, by checking if the rule in question is valid for 
any possible assignment of Pr-values to the statements involved. 22 

1. Rules for Confirming Evidence. A rule for confirming 
evidence is a thesis that is valid for each legitimate interpretation 
of the evidence concept. Some specific examples of rules of this 
type are as follows. (We use the standard symbol I- for the rela- 
tionship of logical consequence.) 

(RCE 1) Logically equivalent statements are mtersubstitutable 
in evidence contexts. (This is properly a rule of 
inference.) 

(RCE 2) A statement which entails another is evidence for it: 

{p -» q) Y { pEq ) 

(RCE 3) A consistent statement is never evidence for a 
statement with which it is incompatible: 

[~ (p ~ p) & (p -* ~ q) ] 1- ~ ( pEq ) 

Each of these rules can be shown to apply to both evidential 
presumption and supporting evidence. To illustrate the procedure 

2 1 Actually, some suitable inequality of the form Pr(q) & £ is also supposed 
in each of these cases, but no use will be made of this fact This additional 
condition may, of course, be of great significance in applications to uses of 
evidence (e g , in law) for which it is important to impose the requirement that 
confirming evidence be significantly greater than 0 5 However, the condition will 
not be needed here, because it has no bearing on the logical form or structure of 
rules of evidence, this matter alone being presently under discussion 

22 In the formulation of rules of evidence, no attempt is made to attain 
completeness , i e . to ensure that all rules meeting the respective criterion of 
acceptability are logical consequences of the given list of basic rules The formula- 
tion of complete axiom systems for the three evidence-relations considered below 
(the relationships ei idential presumption and of confirming and of supporting 
evidence) is left as an open problem 
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for testing such rules, the test of (RCE2) is exhibited as a 
sample: 

TEST 1: APPLICABILITY TO EVIDENTIAL PRESUMP- 
TION. Let 

Pr(p&q) = x, Pr(~p&q) = x 3 
Pr(p&~q)=x 2 Pr(~p &~q) — x 4 

Now (1) q iff (if and only if) x 2 = 0 And (2) pEq in the 
sense of evidential presumption iff Pr(p &q) & (p & ~q), 
i.e., iff x, 2 * x 3 . Since x x is necessanly &0, (1) implies (2), and 
(RCE 2) is thus valid for evidential presumption. 

TEST 2: APPLICABILITY TO SUPPORTING EVIDENCE. 
Let the x, be defined as above, so that again (1) p ^ iff x 2 = 0. 
Now (2) pEq in the sense of supporting evidence iff Pr(p&q) 
» Pr( P ) ■ Pr(q), i.e., iff jr, & (*, + *,) (x, + x 3 ). Since 1 s 
and thusJCl . * *1 • (*i + .t 3 ), we have that (2) follows from 
(I). Thus (RCE 2) is also valid for supporting evidence. 

The two other rules can be tested in a wholly analogous 
manner. 

From these three basic rules, certain others follow as logical 
consequences. Several of these are listed No proofs are given, 
the proof being elementary in all cases. 

(RCE 4) Any statement is evidence for itself: 

pEp 

(RCE 5) A conjunction is evidence for its members: 

(p&q)Ep 

(RCE 6) An inconsistent statement is evidence for any state- 
ment: 

(P~*-P)b (pEq) 

(RCE 7) Any statement is evidence for a necessary statement: 
(~ P P) I- {qEp) 
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(RCE 8) No consistent statement is evidence for an incon- 
sistent statement: 

[~ (p-*~p) & ~ <7)1 h ~ ipEq) 

Each of these propositions is also a general rule of evidence, 
valid for each of the various constructions of the evidence con- 
cept as already analyzed. 


2. Special Rules for Evidential Presumption. A special 
rule of evidence is one that is valid for one interpretation of the 
subordinate evidential concepts, but not the other. We first 
consider some special rules for evidential presumption: 

(REP 1) If a statement is evidence for its own negation, it 
is inconsistent: 

(pE ~ p) 1- (p -> ~ p) 

(REP 2) If a statement is evidence for each of two statements, 
it is evidence for their disjunction: 

[( pEq ) & ( pEr)] V [pE{qVr)\» 

(REP 3) If a statement is evidence for another, it is evidence 
for any statement entailed by this statement: 

iipEq) & (q -> r>] h (pEr) 

Each of these rules can be shown to hold for evidential 
presumption but to fail to apply to supporting evidence. A sample 
verification of this is here provided for (REP 2). 

23. It is worthwhole to contrast this rule with two cognates 
t (pEq) & (pEr) } b [pE(qti r)] 

{pvq)Ep 

The former rule of conjunction perhaps rather surprisingly fails for both eviden- 
tial presumption and supporting evidence The second rule obtains with respect 
to supporting evidence but fails forev idcntial presumption 
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TEST 1 APPLICABILITY TO EVIDENTIAL PRESUMP- 
TION Let 

Pr{p & q &. r) — jr, Pr{—p & q & r) = x 5 
Pr(p &. q & ~r) = x 2 Pr(~p & q & ~r) = x e 

Pr(p «S. ~q &. r) = x 2 Pr(~p & ~q &. r) = x 7 

Pr(p &. ~q & ~r) = x 4 Pr{~p &. ~q &. = x 8 

Now, taking E in the sense of evidential presumption we have 

pEq iff Ar,-f t 2 > x s +x 4 (1) 

pEr iffx,+x 3 2* x 2 +x 4 , and finally (2) 

pE (q Vc) iff x, + x 2 + 1 3 > x 4 (3) 

But (3) is readily seen to follow from (1) and (2) together Thus 
(REP 2) is valid for evidential presumption 

TEST 2 INAPPLICABILITY TO SUPPORTING EVI- 
DENCE Again let the jtj be defined as above Taking E in 
the sense of supporting evidence we have 

pEq iffx, + x 2 ^ (x 1 +x 2 + x 3 + x 4 ){x l + x 2 +x 5 +x 6 ) (1) 

iff t| + * 3 > (r l + x 2 +r, + x 4 )U,+jr 3 + x 5 +r T ) (2) 
and 

pE(qVr) ,ttx t +x,+x,s (*,+*,+*,+*,)(„ +*+*,+ r 5 

+x„+x,) (3) 

That (3) does not in general follow from ( 1 ) and (2) may be seen 
from the following assignment of values to t, through r„ respec- 
tively 0 I. 0 0,0 2,0 1,0 1,0 1.0 4 Thus (REP 2) is not valid 
for supporting evidence 

The remaining rules can be checked in an analogous manner 
Among the logical consequences of these rules [added to the 
RCE’s], two deserve listing here as additional REP s 
(REP 4) If a statement is evidence for one of two statements, 
it is evidence for their disjunction 

(pEq) h [pE(q V r)] 
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(REP 5) If a statement is evidence for a conjunction, it is 
evidence for each term: 

[pE(q & r)] h ( pEq ) 

These two rules also are applicable solely to evidential presump- 
tion. 


3. Special Rules for Supporting Evidence. Analogously 
with the special rules for evidential presumption, there are also 
rules applicable only to supporting evidence. An example is 

(RSE 1) If one statement is evidence for another, this second 
statement is evidence for the first: 

( PEq ) 1- (qEp) 

The reader can readily check that this statement is valid for 
supporting evidence, but does not hold for evidential pre- 
sumption. 24 


24. The question of the mutual or reciprocal evidence of propositions for 
each other has some interest (RSE 1) settles this matter as regards supporting 
evidence. With respect to evidential presumption, I offer the following calculation - 


dep(p.q) “ Pr(p.q). and dep (q.p) = Pr(q.p). 
By Bayes's Theorem. 


Pr(p.q) = 


Prjq.p) 'Pr(p) 

Pr{q. P ) ■ Pr(p) + Pr(q.~p) - Pr(~p) 


By (2) and the rules of "Pr," 


By ( 1 ) and (3). w e has c 


Pr(p.q) 


Pr(q.p) 'Pr(p) 
Pr{q) 


dcp(p.q) ~ dcp(q.p) 


Pr{p) 

‘ /V(</)‘ 


(1) 

( 2 ) 

(3) 

(4) 


N\e are not warranted in saying more regarding the relationship of dep(/».r/) and 
dep(t/,p) than is contained in (4). sii.. that esidenttal presumption is a fully 
reciprocal rchtionship only among equally likely statements 
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Among the logical consequences of this rule (added to the 
RCE’s), the following two may be listed as additional RSE’s: 

(RSE 2) If one statement entails another, this second statement 
is evidence for the first: 

(p~* q) V (qfy) 

(RSE 3) One term of a conjunction is evidence for the whole: 
pE(p&q) 

These two rules hold for supporting evidence but do not apply 
to evidential presumption. 

Using as building blocks the rules of evidence which have 
been discussed, three logical systems can be constructed: 

i. A Theory of Confirming Evidence based only upon the 
rules of evidence applicable to each of the subordinate 
evidence concepts. 

ii. A Theory of Evidential Presumption obtained by supple- 
menting the rules for confirming evidence by the special 
rules for evidential presumption, and 

iii. A Theory of Supporting Evidence obtained by supplement- 
ing the rules for confirming evidence by the special rules 
for supporting evidence. 

No further elaboration of these theories is undertaken here. But 
one closing remark regarding these systems of rules of evidence 
is in order. From the logical standpoint of systematic richness 
and power, it would seem that the stricter criterion of accepta- 
bility for rules of confirming evidence is a curtailing factor in 
limiting the range of acceptable assertions. This system is, how- 
ever, the most interesting from the standpoint of its application 
or interpretation, because confirming evidence most closely fits 
the broad outlines of the intuitive conception of evidence, and 
because only those rules which hold for all of the subordinate 
evidence concepts be taken to apply to the concept of evidence 
perse. 
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4. Illicit Rules of Evidence. Going beyond the special 
rules of evidence, we meet with certain other statements involv- 
ing the evidence relation which may appear on first view to merit 
inclusion in a logical theory of evidence, but which can be seen 
upon closer scrutiny to hold for none of the evidence concepts 
which we have here been considering. The following are some 
examples of such illicit rules of evidence: 

(IRE 1) Ifp is evidence for q, and r entails p, then r is evidence 
for<?: 

lipEq) & (r—*p)] b ( rEq ) 

(IRE 2) If p is evidence for q, then not -q is evidence for not-p: 
(pEq) b (~qE ~ p) 

(IRE 3) If p is evidence for q, and q is evidence for r, thenp is 
evidence for r: 

[(/?£<?) &(qEr)] h ( pEr ) 

(IRE 4) If each of two statements is evidence for a given 
statement, so is their disjunction: 

[(pEq) & (rEq)] b [(p V r)Eq) 

(IRE 5) If a consistent statement is evidence for each of two 
statements, these are mutually compatible: 

[~ (p -* ~ p) & (pEq) & ( pEr )] I (q — > — r) 

(IRE 6) No true statement is evidence for a false statement. 
If a statement is true, and is evidence for another, then 
this second statement is also true: 

(pEq)] b q 

(IRE 7) if a statement is evidence for another, and also for the 
negation of this statement, the original statement is 
inconsistent: 

[(pEq) & ( P E~ q)] h (/>-* — /») 
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The refutation of each of these can be carried through both for 
evidential presumption and for supporting evidence by the con- 
struction of counterexamples (i e , falsifying assignments of Pr- 
values) Thus all three theories of evidence must exclude these 
rules With regard to (IRE 1), it should be remarked that if r is 
highly confirmed — 1 e Pr(~r) is essentially 0— this rule does hold 
as a rule for confirming evidence Analogously, similar special 
conditions can be found which render some of the other “illicit 
rules” acceptable Herein lies the seemingly paradoxical charac 
ter of the illicit status of some of these rules They are valid, 
not in general, but only under special conditions which in practice 
are tacitly assumed to be satisfied 


It is proper at this point to mention two precursors of the 
present approach to the development of a logical theory of rules 
of evidence In the course of a study of the formal logic of con 
firmation, C G Hempel has presented a list of “criteria of 
adequacy" for a theory of confirmation 25 Hempel’s criteria can 
in fact be properly and appropriately regarded as a set of rules for 
the evidential relation In Carnap's Logical Foundations of Proba- 
bility, Hempel s rules are subjected to a cntical examination and 
a modified set of rules presented 26 

Hempel’s “criteria” include several of the rules of confirming 
evidence listed previously, but in addition include also (REP 2) 
(REP 3) and (IRE 5) Thus, dismissing Hempel’s acceptance of 
(IRE 5) as an inadvertent error, it becomes plausible to suppose 
that Hempel is in fact concerned to formulate a set of rules ap- 
plicable to the idea of etidenttal presumption as here understood 
It is primarily on the score of the inclusion of (REP 2) (REP 3), 
and (IRE 5) that Hempel’s list of criteria was criticized in the 

25 A Purel> Syntactical Definition of Confirmation The Journal of 
Symbolic Logic vol 8(1943) pp 122-143 Studies in the Logic of Confirma 
tion Mind \o1 45(1945) pp 1-26 97-121 

26 Pp 468-482 give a critique of Hempel s treatment of evidence 
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examination made of it in Carnap’s book. Carnap explicitly 
rejects these three rules, otherwise concurring— except for one or 
two minor points— in Hempel’s discussion. Carnap’s evaluation 
of the acceptability of rules of evidence is not informal and 
intuitive (like Hempel’s), but is based upon an arithmetized 
criterion of acceptability analogous to those used in the present 
paper. However, Carnap’s test for the acceptability of rules of 
evidence (accord with every regular c-function, as this is defined 
in his book) amounts to this: that the rule is valid if pEq is 
interpreted as C(q y p) > C(q), where C is a certain type of Pr- 
measure. Thus the evidence-concept upon which Carnap s 
discussion seems to be based is closely akin to the concept of 
supporting evidence as understood here. 27 This difference in 
approach to the construction of the concept of evidence seems 
best to account for the points of disagreement at issue between 
Hempel and Carnap: these authors are apparently concerned to 
give rules for different conceptions of evidence , and so it is not 
surprising that they should differ regarding the appropriateness of 
various rules. 

In any event, this brief comparison of the rules of evidence 
considered here and the conditions for confirming evidence as 
discussed by Hempel and Carnap shows the kinship of the 
present theory of evidence with their work. 

* * * 

The central and fundamental fact of the theory of evidence is 
that one statement may constitute evidence for another which 
goes beyond it in content. This feature fundamentally differen- 
tiates the concept of ciidcnce from that of deductive entailment : 
the comparatisc weakness of the former embodying Its \cry 
reason for being. A true statement may legitimately provide 
evidence for a falsehood; a statement may constitute c\idcnce 
for each of several incompatible statements (cf. (IRB 5) and 
(lRf:f»),and the motto from Bishop Butler). 

27 in furiKuhr. all RCT\ and all RS1**» «ou!J he acceptable lo Carnap 
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Thus in domains in which one operates with evidence proper, 
leaving behind the secure ground of proof, the possibility of 
error must be accepted. Indeed in such fields a valid distinction 
may be drawn between error (drawing a conclusion, which, 
though false, actually derives from a soundly conducted inquiry) 
and mistake (falsehood owing to a fallacy in the inquiry). 

This characteristic of evidence points also to a methodological 
contrast between deductive theoretical systems, where the rele- 
vant species of evidence furnishes a complete basis for the 
propositions it supports, and theoretical systems where slippage 
between evidence and conclusion may legitimately occur. 
Deductive systems can afford to be completely forward-looking, 
in that it is never appropriate to employ a proposition newly 
arrived at to give additional bolstering and support to one attained 
at some previous juncture. Other evidential systems, however, 
cannot always afford to forego retrospective arguments. The 
looser the evidence concept appropriate to an area of inquiry, the 
more will the system of reasoning take the form of a cluster of 
interlocking propositions lending mutual strength and support for 
one another. Such theoretical systems can range from those 
based upon formal canons of evidential arguments, as with 
legal evidence, to systems admitting the most tentative and 
provisional modes of argument. However, no system of this typ? 
presents the aspect of a collection of chains of deduction Rather, 
they are akin to crossword puzzles, each piece bolstering and 
interlocking with every other. 

In such a sphere in which the cutting edge of the evidence 
concept is less keen, legitimate disagreement can arise regarding 
the truth of statements in the face of agreement regarding the 
evidential basis for these statements. Despite agreement on “the 
facts’* different constructions or interpretations can be placed 
upon them— particularly if the scope of discussion is speculative, 
i.c.. on a level at several removes in generality and abstraction 
from “the facts.’* In a context of this sort, the common require- 
ment that a statement agree with "the facts’* ceases to be an 
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effectual criterion of validity, because a significant area of 
assertion lies beyond the discriminatory power of this criterion. 
Our common conceptions regarding the acceptability of eviden- 
tial reasonings, insofar as they derive from nurture in the areas 
of demonstrative reasonings in mathematics and classical physics 
are not an unfailing guide. They should not be carried over 
uncritically into logically less tidy areas where— by virtue of the 
applicability of a fundamentally different type of evidence— they 
have no place . 28 


Cf Amurttc./ thics. t. 



part III 

PHILOSOPHICAL 

ISSUES 

OF SCIENTIFIC 
EXPLANATION 


1 . What Is a Universal Law? The Nature of Lawfulness 

Scientific explanations are subsumption 

arguments: they place special cases within 
a framework of regularity represented by laws. Our concept of 
explanation -causal explanation pre-eminently included - is such 
as to require that the generalizations used for explanatory 
purposes must be lawful. An account of the nature of lawful- 
ness is thus a central task of any adequate theory of scientific 
explanation. 

Now it is quite clear that not just any universal empirical 
generalization will qualify as a law in this scientific context o 
discussion, no matter how well established it may be. It is criti- 
cally important to distinguish here between occidental generaliza- 
tions on the one hand and lawful generalizations on the other. 
“All coins in my pocket weigh less than one ounce and 
American presidents arc natives of the continental United States 
arc examples of accidental generalizations. By contrast, general! 
zations like “All elm trees arc deciduous,” “All (pure) water 
freezes at and “All Y chromosomes self-duplicate under 
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stimulation” are lawful An accidental generalization claims 
merely that something is so — perhaps even that it is always so, 
whereas a lawful generalization claims that something must (in 
some appropriate sense) be so 

Thus consider the following two answers to the explanatory 
question, ‘‘Why did that tree shed its leaves last fall 7 ” 

( 1 ) Because it is an elm, and all elms are deciduous 

(2) Because it is a tree m Smith’s yard, and all trees in Smith’s 
yard are deciduous 

The drastic difference in the satisfactonness of these two “expla- 
nations” is due exactly to the fact that the generalization deployed 
in the first is lawful whereas that in the second is not 
Laws are akin to, yet different from both rules and des- 
criptions Like rules, laws state how things ‘ must be”, yet unlike 
most familiar sorts of rules, laws admit no exceptions, but are 
always obeyed Like descriptions, laws state how things are, yet 
unlike standard descriptions laws go beyond describing hovv 
things in fact are to make claims about how they must be Thus 
laws have both a descriptive and a ruhsh aspect that prevents 
their being grouped smoothly into either category 

But just what is this factor of lawfulness that is present 
with generalizations and absent with others 7 The best way to 
answer this question of what lawfulness is, is by inquiring into 
what it does Lawfulness manifests itself in two related ways 
nonuc necessity and hypothetical force Nomic necessity intro- 
duces the element of must , of inevitability In asserting it as a 
law that “All /Ts are B's" (“All timber wolves are carnivorous”) 
we claim that the world being as it is it is necessary that an A must 
be a B (i e , that a timber wolf will under appropriate circum- 
stances unfailingly develop as a meat-eating animal) 

This nomic necessity manifests itself most strikingly in the con- 
text of hypothetical suppositions, especially counterfuctuul hypo- 
theses In accepting “All /Ts are B's ” (“All spiders are cight- 
legged”) as a law, we have to be prepared to accept the conditional 
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“If x were an A , then x would be a B .” (If this beetle were a spider 
—which it isn’t— , then it would have eight legs.) It is pre-eminently 
this element of hypothetical force that distinguishes a genuinely 
lawful generalization from an accidental generalization like All 
coins in my pocket weigh less than one quarter ounce. For we 
would not be prepared to accept the conditional “If this Venetian 
florin were a coin in my pocket, then it would weigh less than one 
quarter ounce.” 1 
The fact is that the statement 

(1) Ally’s are rs 

makes a stronger claim when put forward as a law than when put 
forward as a “mere” generalization. For if (1) is construed as a 
law it asserts “All X's have to be F’s,” that is, we obtain the 
stronger nomological generalization: 

(la) All JV’s are Ts and further if z (which isn’t an X) were an 
X, then z would be a Y 2 

When a generalization is taken as lawful it obtains added force, it 
gains an added assertive increment, even though this nomic 
necessity will express itself primarily in applications of a counter- 
factual kind. For it is clearly in hypothetical and counterfactual 
contexts that nomic necessity manifests itself most strikingly. 

Consider the counterfactual supposition: Assume that this wire 

1. It is clear that we mean this to be construed as “if it were somehow added 
to the coins in my pocket" and not as “if it were to be somehow tdettuca » it t one 
of the coins in my pocket ” 

2. Roderick M Chisholm has put this point with admirable precision Both 
law statements and non-law statements may be expressed in the genera orm. 
“For every x, if x is an S. x is a P." Law statements unlike non-taw statements, 
seem “however" to warrant inference to statements of the form. If a* ** 
not S, were S, a would be P " and "For every jt, if x were S. x would be P. 
1L M Chisholm, “Law Statements and Counterfactual Inference. Anaysts, 

vol.15(1955).p 97. 
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(which is actually made of copper) is made of rubber This 
supposition occurs in the following context 

ITEMS OF KNOWLEDGE 

Facts (1) This wire is made of copper 

(2) This wire is not made of rubber 

(3) This wire conducts electricity 

(4) Copper conducts electricity 

Laws (5) Rubber does not conduct electricity 
HYPOTHESIS 

Not (2), i e This wire is made of rubber 
To restore consistency in our knowledge in the face of this hypo 
thesis we must obviously give up (1) and (2) But this is not suffi 
cient One of (5) or (3) must also go, so that prima facie we could 
adopt either of the conditionals 

(A) If this (copper) wire were made of rubber then it would not 
conduct electricity (because rubber does not conduct 
electricity) 

(B) If this (copper) wire were made of rubber then rubber 
would conduct electricity (because this wire conducts 
electricity) 

That is, we get a choice between retiming (5) with alternative (A) 
and retaining (3) with alternative (B) It is precisely because class 
mg a statement as a ‘ law ’ represents an epistemic commitment to 
retain it in the face of counterfactual hypotheses that the condi 
tioml (A) viz , If this wire were made of rubber then it would 
not conduct electricity" strikes us as natural vis a vis (B) 3 
One effective way to motivate the distinction between a law" 
and a mere generalization” is to consider the effect of the logical 
process of contraposition As we have seen the statement 
( 1 ) All A ’s are V’s 

makes a stronger claim when put forward as a law than when put 

3 The consideration* at issue here arc treated in more detail m my book on 
Hypothetical Reasoning (Amsterdam 1965) 
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forward as a “mere” generalization. For if (1) is construed as a 
law it asserts “All X's have to be Y's, so that we obtain the 
stronger nomological generalization: 

(la) All X's are Y’s and further if z (which isn’t an X) were an 
X , then z would be a Y. 

When a generalization of the type (1) is taken in this nomological 
way, contraposition clearly fails. For 
(2) All non-Y’s are non-X’s 
when construed as stating a law, will assert: 

(2a) All non-rs are non-X’s and further if z (which isn’t a 
non-y) were a non-y then z would be a non-A'- 

Although the generalizations (1) and (2) are equivalent, this is 
not the case with their nomological counterparts (la) and (2a). 
(These statements are nonequivalent because, inter alia, (la) 
affirms that the z at issue in it is to be a non-A", whereas (2a) 
affirms that the z at issue in it is to be a Y [and neither statement 
justifies relating non-A”s and y’s].) Thus seemingly equivalent 
generalizations can formulate different, nonequivalent laws. 
When a generalization is taken as nomological, that is as stating a 
law, it obtains an assertive increment (albeit one of a strict y 
counterfactual sort) of such a kind that contraposed generaliza 

tions will no longer represent the same law. 

It is worth noting, incidentally, that these considerations e p 
also to shed some light upon the inductive procedures by " ic 
laws are verified. For the purposes of inductive confirmation 
(la) comes to be reconstrued in strictly factualistic. albeit 
epistcmologizcd terms. It is reoriented from the realm of counter 
fact to that of ignorance (absence of information), being rendered 
epistemological rather than counterfactual by means o t e 
indicated italicized insertions: 

(lb) All A”s arc Y's and further ifz (which isn’t knimn to he 
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an X ) were to turn out to be an X, then z would turn out to 

bear 

Thus in verifying (1) the prima facie procedure is to hunt A”s 
and check that they are V s On the other hand (2) gives rise to 
(2b) All non-T’s are non X's and if z (which isn’t known to be 
a non-V) were to turn out to be a non-T, then z would turn 
out to be a non X 

And so m venfying (2) the prima facie procedure is to hunt for 
non T’s and check that they are non A”s And these procedures, 
qua procedures, are very different, despite the fact that a counter- 
example provided by one of them must also turn out to be a 
counterexample for the other (viz , an X that is a non Y) For 
although these generalizations are refuted (countennstanced) 
by the same negative findings they differ— as we saw in the 
preceding section— in the amount of the inductive support 
(confirmation) which they derive from positive, nonrefutrng 
instances of different kinds and thus differ with respect to the 
operational procedures of verification 

It is built into our very concept of a law of nature that such a 
law must, if it be of the universal type, correspond to a universal 
generalization that is claimed to possess nomic necessity and is 
denied to be of a possible merely accidental status If the general- 
izations were claimed to hold in fact for all places and times, even 
this would not of itself suffice for lawfulness it would still not be a 
law if its operative effectiveness were not also extended into the 
hypothetical sphere The conception of a universal law operative 
in our concept of causal explanation is thus very complex and 
demanding A lawful generalization goes beyond the claims of a 
merely factual generalization as such, it involves claims not only 
about the realm of observed fact, but about that of hypothetical 
counterfact as well And just these far reaching claims arc 
indispensable to the acceptance of a generalization as lawful and 
is a formative constituent of our standard concept of a universal 
law of nature 
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That laws demand nomic necessity is a point regarding which 
there is a substantial consensus in the history of philosophy. 
Aristotle insists on the point in the Posterior Analytics . 4 It is a 
basic theme in Kant’s Critique of Pure Reason . 5 6 And it continues 
operative in current philosophy. Such writers as C. J . Ducasse and 
A. Pap, for example, hold that natural laws involve a necessity 
that is not logical but yet transcends merely de facto regularity. 
Both Nelson Goodman and Roderick M. Chisholm have pro- 
posed hypothetical force as a prime criterion of the nomic 
necessity requisite for lawfulness . 7 And nowadays it is a matter of 
widespread agreement that some characteristic mode of nomic 
necessity is involved in lawfulness, although writers differ as to 
just how the factor of nomic necessity is to be explicated. The 
writer of the relevant article in the most recent philosophical 
encyclopedia puts the matter accurately by saying that the current 
point of dispute “is not about the propriety of using such terms 
as ‘nomic necessity,’ rather it is about the interpretation of these 
terms or the justification of their use .’’ 8 

Conceding hypothetical force as an ingredient in all universal 
laws of nature, one recent writer denies its applicability to lawful- 


4 See especially sections I -6 of Book I 

5. See especially the sections Introduction and Transcendental Analytic 

6 See Curt J Ducasse, “Explanation. Mechanism and Teleology.” The 
Journal of Philosophy, vol 23 (1926). pp 150-155 Reprinted in H Fc'gl and 
Sellars (eds ). Readings in Philosophical Analysis (New York. 1949 J 
Pap. An Introduction to the Philosophy of Science (New York. ). see 
Chapter 16 

7- R M. Chisholm. “The Contrary to-Fact Conditional " Mind, vol 55 
0946), PP 289-307. reprinted in H Fcigl and W Sellars (eds ). Kcflrfrwr m 
Philosophical Analysis (New York. 1949) Nelson Goodman. “The Pr ° bI ^ s ° 
Countcrfuclual Conditionals." The Journal of Philosoph\. vol 44 (1947). pp 
1 13-128, reprinted in L Linsky (ed ), Semantics and the Pltihsoph\ of language 
(Urbana. Ill , 1952), an d in N. Goodman. Tact. Fiction, and Forecast (Cam- 
kndge. Mass . 1955) 

8 R. S Walters. "Laws of Science and Lawl.kc Statements" in lhc 
pedia of Philosophy cd b> P rd wards, vol 4 (New York. 1967). pp 4,0 
(see P p 4U-4I2) Tins article ofTers a very clear and compact survey or trie 
key issues regarding I iws 
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ness in general on the ground that it is lacking in statistical laws. 9 
Now if I use that statistical law “The half-life of californium 247 
is 2.4 hours” as basis for explaining why a particular atom of 
californium lasted 2£ hours, then I cannot go on to say things like 
“If this atom of uranium 235 had been californium 247, then it 
would have lasted only 2i hours.” This sort of specific and 
nonprobabilistic application of a statistical law is indeed imposs- 
ible. But we surely can and would be prepared to say things like 
“If this atom of uranium 235 had been californium 247, then it 
would have had a half-life of 2 4 hours, and so the probability 
exceeds .85 that it would have lasted 4 ± 1 hours " Statistical laws 
too can (and indeed must, if lawful) be capable of counterfactua! 
applications, only in their case such applications will, naturally 
enough, take a probabilistic form. 

Some recent writers have advocated a “regularity theory” of 
laws according to which lawfulness is to be construed as un- 
restricted factual generality pure and simple, so that no trans- 
inductive imputation of nomic necessity is called for. As R. S. 
Walters puts the matter, the key 

objection to the regularity theory is that it cannot account for 
possible instances. If this charge were indeed well founded, it 
would be difficult to see how one could avoid the view that natural 
laws assert some kind of necessity such that they apply in all 
possible worlds. However, it is not established that a defender of 
the regularity view cannot give a plausible account of the applica- 
tion of laws to possible instances He would argue that statements 
about possible instances stand in the same kind of logical relation 
to a law as do statements about actual unobserved instances. To 
the extent that a law enables prediction about unobserved in- 
stances, it enables justifiable claims about unrealized possibilities 10 

9. Mano Bunge. The Myth of Simplicity (Englewood Cliffs. N J . 1961) 
p 174 At least one influential adherent of the regulanty theory was. however, 
prepared to brush aside all reference to the possible, saying *'Ph>sics wants to 
establish regularities: it docs not look for what is possibte ” {I- Wittgenstein in 
his middle period as quoted by II Spicgclbcrg in the A merit an Phtlau’phical 
Quarterl\ sol S(l9f>8),p 25f»J 

10 K S Walters. op or.pp 413-414 
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But is is quite clear that this line of defense will not serve at all. 
It suffers from the critical defect of begging the question by 
treating the unobserved and the unactualized cases in exactly the 
same way, as different instances of the same thing. But it is quite 
clear on the basis of considerations we have already canvassed 
that this step is indefensible because the unobserved and 
the unreal are in a totally different position in the context of 
inductive considerations, since the realm of the (heretofore) 
unobserved is open to observational exploration whereas the 
domain of the hypothetically unreal lies ex hypothesi beyond our 
reach. 

Of course one could try to argue that the consideration of 
hypothetical cases is improper or illicit (illegitimate, beside the 
point,” or whatever) -that reality alone concerns us and that the 
unreal lies wholly outside the sphere of legitimate consideration. 
This does indeed abrogate the difficult nomic aspect of lawful 
ness. But it also writes off the prospect of hypothetical reasoning 
in the sciences and abolishes the concept of explanation as it 
has in fact developed in the context of the Western tradition of 
scientific methodology . 11 


2. Lawfulness as Imputation 

On what evidential basis does an empirical generalization 
acquire the nomic necessity and hypothetical force it requires to 
qualify as a law? However substantial this evidential basis may 
be, no matter how massively the observational evidence may be 
amassed and how elaborately the case developed, it is c ear 
upon reflection that this evidential basis must always be grossly 
insufficient to the claim actually made when we class a generaliza- 


H. This position is in fact taken by latter day idealists of the * yp ® **,’!*, 
Bradley and Brand Blanshard who hold in effect the nomic necessity and I log 


ns position is in fact taken by latter aay lucwoia « . , « 

d Brand Blanshard who hold in effect the nomic necessi y a 
■«v»ny are indistinguishably one and the same, so that counte ac 
:s cannot be posed at all in any meaningful or coherent way. 
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tton as a law . 12 This becomes evident in part for the familiar 
reasons that while all such evidence relates to the past (and 
possibly the present), scientific laws invariably also underwrite 
claims about the future. It is, moreover, also clear from consider- 
ing the conceptual nature of lawfulness, bearing in mind that 
observation and evidence always relate to what happens in fact, 
whereas laws invariably also underwrite claims of a hypothetical 
or counterfactual kind. 

Let us consider this root insufficiency of the evidential basis 
for a law somewhat more closely. It is obvious that this basis will 
be deductively insufficient because the evidence inevitably relates 
to a limited group of cases while the applicability of the law is 
unrestricted Moreover the evidential basis will also be induc- 
tively insufficient. For inductive procedures are designed to 
warrant the step from observed to unobserved cases, whereas a 
law- whose very lawfulness arrogates to it nomological necessity 
and counterfactual force— not only takes this inductive step from 
observed to unobserved cases, but also takes the added step from 
actual to hypothetical cases. The inductive justification of hypo- 
thetical force would have to take the form “has always been 
applicable to counterfactual cases.” And the premiss for such an 
induction will obviously always be unavailable. The evidential 
foundation for generalization is thus afflicted by a double in- 
sufficiency, not only in the deductive mode, but also inductively 
(at any rate as long as induction is construed along usual and 
standard lines ). 13 


12 For just this reason, major philosophers from Anstoile lo Kant sverc 
preoccupied in one form or another with the issue of the foundations of man's 
knowledge of natural laws In another context (lhat of mathematics) already 
Plato had grappled (in the Mend) with the question of how man can know truths 
that are necessary and universal, seeing lhat experience inevitably deals with the 
actual and particular. Our problem is just exactly this transported from a mathe- 
matical to a ph> sical setting 

13 I or a cogent attack on the view that laws can be established by induction 
sec k R Popper. The Lottie of Scientific Discovery (London, 1959) chap III 
and New Appendix 10 
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The basic fact of the matter— and it is a fact whose importance 
cannot be overemphasized— is that the elements of nomic 
necessity and hypothetical force are not to be extracted from the 
evidence. They are not discovered on some basis of observed 
fact at all; they are supplied. The realm of hypothetical counter- 
fact is inaccessible to observational or experimental explanation. 
Lawfulness is not found in or extracted from the evidence, it is 
superadded to it. Lawfulness is a matter of imputation. When an 
empirical generalization is designated as a law, this epistemo- 
logical status is imputed to it. Lawfulness is something which a 
generalization could not in principle earn entirely on the basis of 
warrant by the empirical facts. Men impute lawfulness to certain 
generalizations by according to them a particular role in the 
epistemological scheme of things, being prepared to use them in 
special ways in inferential contexts (particularly hypothetical 
contexts), and the like. 

When one looks at the explicit formulation of the overt content 
of a law all one finds is a certain generalization. Its lawfulness is 
not a part of what the law asserts at all; it is nowhere to be seen 
in its overtly expressed content as a generalization. Lawfulness 
is not a matter of what the generalizations says, but a matter of 
how it is to be used. By being prepared to put it to certain kinds 
of uses in modal and hypothetical contexts, it is we, the users, who 
accord to a generalization its lawful status thus endowing it with 
nomological necessity and hypothetical force. Lawfulness is 
thus not a matter of the assertive content of a generalization, but 
of its epistemic status, as determined by the ways in which it is 
deployed in its applications. . 

This approach to lawfulness as imputed rests on a concept o 
the nature of scientific laws to which more explicit articulation 


14 It is obviously naive to think that one can settle the q u estion of the 
co unteifactual application “If Caesar’s chariot had been a satellite i 
•be earth it would have moved according to Kepler s law's by increasing 
domain of actual applications of Kepler’s laws by putting more spacecratl into 
orbit 
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must be given Present day philosophers of science have concen- 
trated their attention primarily upon two aspects of “laws” 
(1) their assertive characteristics, having to do with the machinery 
deployed in their formulation (they must be universal generaliza- 
tions, must make no explicit reference to time, must contain no 
overt spatial delimitation and should be “simpler” than equally 
eligible alternatives) and (2) their evidential status, having to 
do with their supporting data (they must have no known counter- 
instances, should be supported by an ample body of confirming 
evidence) 15 To considerations of this sort one may add yet a 
third factor, which could be put under the heading of an appro- 
priate epistemic commitment having to do with the extent to 
which we are committed to retention of the law in the fact of 
putative discordant considerations of a strictly hypothetical 
character, and thus not of an evidential sort— for this would lead 
back to item (2)— arising in a choice between it and other items 
of our knowledge ’ The appropriateness of such epistemic 
commitment revolves about questions of the type “To what 
extent is the ‘law’ at issue justifiably regarded as immune to 
rejection m the face of hypothetical considerations 7 ” “How 
should this generalization fare if ( per improbabile) a choice were 
forced upon us between it and other laws we also accept 7 ’ “How 
critical is it that the law be true, how serious a matter would it 
be were the law to prove false 7 ’ 

This third factor represents an aspect of laws crucial /j import- 
ant to their status as laws For no matter what the structure of a 
generalization might be, or how well established it is by the 
known data its acceptance as a law demands some accommoda- 
tion of it within the * system” of knowledge Any ‘ law” occupies 
a place that is more or less fundamental within the genera! 
architectonic of our knowledge about the world, its epistemic 
status is a matter not only of its own form and its own evidential 

IS See lbrc\jfnp!c the excellent discussion m chip 4 of I mest Nagel s 
book on The Structure of Science (New York 1961) 
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support, but of its placement within the woof and warp of the 
fabric comprising it together with other cognate laws of nature. 
The standing accorded to it within the overall framework of our 
knowledge reflects our “epistemic commitment to the law, 
which is thus a matter not of the individual characteristics of the 
“law” viewed (insofar as possible) in isolation, but of its inter 
connections with and its relative epistemic embedding among 
other laws to which we are also committed. We must decide 
upon the epistemic status or ranking of the law with respect to 
others, and this decision, although in part guided by evidentia 
considerations, is by no means determined by them alone, ut 
is a matter of the entire range of systematic and epistemic con 
siderations, among which evidential considerations are only one 
(though to be sure a prominent) factor. 

Whereas it is, of course, “we” who “decide upon the P ac ^ 
ment of a law in the epistemological scheme of things, and we 
who “make an epistemic commitment” to the law, the cructa 
Point is that this be done on the basis of rational grounds (o 
complex and varied character) and not on the basis of a mere y 
random choice or personal predilection. The appropriateness o 
epistemic commitment to laws is therefore not a matter o 
psychology or of the sociology of scientific knowledge. It is 
necessary and proper to distinguish between being in fact 
committed to accepting a generalization as a law of more or 
less fundamental status upon the one hand, and being proper y 
or warrantedly commited to it. upon the other. 

In saying that the necessity and hypotheticality of lawfu ness 
are matters of imputation, there is no intention whatsoever o 
suggesting that the issue is one of indifferent conventions or 
arbitrary decisions. The imputation is, to be sure, an °^ er 
rational step for which a decision is required. But to be J us *' ,e 
this decision must be based upon a rational warrant. It must ave 
a grounding in ( 1 ) the empirical evidence for the generalization at 
issue in the law and (2) the theoretical context of the generaliza- 
tion. Such grounding is required to provide the necessary m arrant 
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to justify an imputation of lawfulness Since an element of 
imputation is involved, laws are not just discovered, they are, 
strictly speaking made This is not, of course, to say they are 
made arbitrarily Although they cannot be extracted from the 
empirical evidence, they must never violate it Such conformity 
with “the observed facts” is a key factor of that complex that 
bears the rubric of u ell-foundedness Our conception of the origin 
of the key requisites for a law (nomic necessity and fact- 
transcendmg hypotheticahty) can thus be summarized in the 
slogan, Lawfulness is the product of the it ell-founded imputation 
to empirical generalizations of nomic necessity and hypothetical 
force 

We must pursue somewhat further this key theme of the 
warrant for imputations of lawfulness, which we have held to be 
a question of evidence and of theoretical context The matter of 
evidence for scientific generalizations may at this time of day be 
supposed relatively familiar to the reader Even the most elemen- 
tary discussions of scientific method devote considerable 
attention to the issue of the evidence needed for scientific laws 
On the other hand, the bearing of the theoretical context of an 
empirical generalization in establishing its claims to lawfulness 
is a perhaps much less familiar factor 

It is not for nothing that branches of science are called bodies 
of knowledge Scientific knowledge has a complex and highly 
articulated structure The laws comprising this structure rarely 
if ever stand isolated and alone they are part of p fabric whose 
threads run ofT to intertwine with other laws Scientific laws do 
not stand in splendid isolation, they interlink witji others in the 
complex logical networks commonly called theories To say this 
is not to deny that there can be such things as “merely empirical 
generalizations”— universal propositions which, though well 
confirmed by the empirical evidence wholly lack a footing within 
some ramified theoretical framework Kepler’s laws of planetary 
motion. Galileo’s law of falling bodies, and Boyle's gas law, for 
example were all in their day well established and generally 
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accepted prior to securing the grounding provided by a founda- 
tion upon some adequate theory. But an aggregation of well- 
confirmed empirical generalizations does not constitute a science. 
A science is not a catalogue of observed regularities. It requires 
a certain rational architectonic . relating a variety of empirical 
generalizations in a rational structure that exhibits their concep- 
tual relevance and their explanatory interconnections. A well- 
established generalization qualifies as a scientific law (in the 
proper sense of the term) only when it finds its theoretical home 
within some scientific discipline or branch of science. 

Yet. as we have seen, the conditions that establish a generaliza- 
tion as lawlike — that is as rationally qualified for an imputation of 
lawfulness on the basis of the usual methodological considerations 
-do not suffice to establish it as a law. because its acceptance 
as a law involves the claim of lawfulness, and the content of 
this claim extends well beyond the basis upon which it is justified. 
To class a generalization as lawlike is to say it is a candidate-law 
on the basis of factual considerations, but to class it as lawful is 
to step beyond this claim into the realm of nomic necessity and 
hypothetical force. 

Various writers have long argued that the very idea of lawful- 
ness is at bottom anthropomorphic . 16 The basic idea is that lawful 
phenomena are rule-governed; the conception of operative rules 
is the foundation of lawfulness. But this idea ultimately originates 
‘n man’s first-hand experience of the rules of his social group: 
rules of behavior, of speech, of dress, and the like. The pressure 
°f social rules and the associated sanctions is something of which 
eac h man is conscious in his own mind. The rule-conformity of 
this social context is projected into inorganic nature to provide 
the concept of lawfulness, analogizing the regularity of social 
Phenomena to those of inert nature, and correspondingly analogiz- 

.. i. 6 For a discussion of historical issues see Edgar Zilsel. ”The Genes |S of 

3-U ° nCCPt of Physical Law,” The Philosophical Renew, vol 51 (1942). TP 
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mg the alternative range of the socially permissible to that of the 
naturally possible, and that of the socially obligatory to that of 
the naturally necessary In thus viewing man’s first-hand experi- 
ence of social rules as the foundation for his projection of nomic 
force into the laws of nature one sees the subjective tendency 
of mind as the model of lawfulness, the ultimate source for the 
imputation of nomic necessity that is the touchstone of laws 
Thus in saying that laws are man made— that they result from a 
human act of according a certain status to specific generaliz- 
ations— we do not intend to turn our back upon the findings of 
methodologists of science and theorists of inductive logic 
Insofar as their findings conform to the actualities of scientific 
practice we accept them in full The doctrine of lawfulness as 
imputation comes not to negate the standard theory of scientific 
method, but to fulfil it We are not attempting a quixotic sub 
stitution of “free decision” for scientific method But we regard 
the principles of the theory of scientific method from our own 
perspective -not as procedures for the establishment of general- 
izations as lawful, but as procedures for providing endeavors a 
rational warrant for imputations of lawfulness 

Returning to the idea of lawfulness as a well-founded imputa- 
tion, we remark that both of these two factors, the factual element 
of well foundedness and the decisional element of imputation, 
are necessary to laws Well founding is essential because the very 
spirit of the scientific enterprise demands reliance only upon 
tested generalizations that have a solid observational or expen- 
mental basis But the element of imputation is also essential We 
can only observe what is, 1 e , what forms part of the realm of the 
actual, not what corresponds to the modally necessary or the 
hypothetically possible The nomic necessity and hypothetical 
force characteristic of lawfulness thus represent factors that a 
generalization can never earn for itself on the basis of obscr- 
sational or experimental evidence alone It has to be endowed 
with these factors 
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3. Lawfulness as Mind-Dependent 

Our conception of the nature of lawfulness carries Kant s 
Copernican revolution one step further. Hume maintained that 
faithfulness to the realities of human experience requires us to 
admit that we cannot find nomic necessity in nature. Kant 
replied that necessity does indeed not reside in observed nature 
but in the mind of man, which projects lawfulness into nature in 
consequence of features indigenous to the workings of the human 
intellect . 17 Our view of the matter agrees with Hume s that law- 
fulness is not an observable characteristic of nature, and it 
agrees with Kant that it is a matter of man’s projection. But we 
do not regard this projection as the result of the (in suitable 
circumstances) inevitable working of the epistemological faculty- 
structure of the human mind. Rather, we regard it as a matter of 
warranted decision, a deliberate man-made imputation effected in 
the setting of a particular conceptual scheme regarding the nature 
of explanatory understanding. We thus arrive at a position that is 
Kantian with a difference. Kant finds the source of lawfulness in 
the way in which the mind inherently works We find its source in 
the conceptual apparatus that we in fact deploy for explanatory 
purposes: As we see it, lawfulness demands an imputational step 

17. A thread running constant throughout the history of philosoph> is the 
thesis that there would he no laws if there were no lawgiver, that the universe 
would not be intelligible by man if it were not the product of a creative intelligence. 
We find this theme in Plato’s Timaeus. in the cosmological argument of St 
Thomas Aquinas and the schoolmen, in Descartes and Leibniz, in But er s 
Analogy and the tradition of natural theology in England Leibniz puts the 
matter cogently and succinctly 

. . the final analysis of the laws of nature leads us to the most sub- 
lime principles of order and perfection which indicate that the 
umvctiC isthecffect of a universal intelligent power (G W. Leibniz 
Philosophical Papers and Letters, ed by L. E. Loemker. v o! II 
(Chicago 1956) pp 777-778 ) 

Lant in effect agrees with the underlying thesis that the intelligibility and ration- 
ality of the universe must be the work of an intelligent and rational mind, but 
shifts the application of the principle from the creator of the natural universe 
to the obsert er of it 
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made in the context of a certain concept of explanation Both of 
these divergent views agree, however, in making lawfulness 
fundamentally mind dependent 

On such a view, laws— even natural laws— are man-made 
Does it follow from this posit.on that if there were no men, or 
rather no rational minds, that there would be no natural laws 9 Are 
we driven to a law-idealism as the logical terminus of the line of 
thought we have been tracing out 9 The answer to these questions, 
I believe, must be Yes Given the concept of a law that we 
actually deploy m these discussions hypothetical force (and so 
nomic necessity) is an essential feature of a "law " The mode of 
lawfulness built into the very concept of a natural law involves an 
essential reference to the domain of supposition and counterfact, 
to the hypothetical realm of "what would happen if" And if 
rational minds were abolished, the realm of supposition and 
counterfact would be abolished too, and with it lawfulness as we 
conceive of it— which involves an essential reference to counter- 
fact— would also have to vanish 
The issue of mind dependency can be clarified by an analogy 
One can characterize an object's surface as round or as round- 
seeming the foliage of a plant as dense or as dense appearing a 
creature as bird or bird like a fabric as silken or as silky 0 e 
silk-appearing) In each of these pairs the former member is not 
mind dependent (at any rate not in any overt way) whereas the 
second member is on the very surface of it mind dependent, since 
it deals quite blatantly with how the object at issue strikes the 
percipient and thus introduces a reactive mind into the picture 
Of course the mind dependency at issue in these particular 
examples is perceptual but this feature is by no means necessar> 
in general Thus in characterizing the configuration of rocks at 
Stonehenge as complex I endow this arrangement with no per- 
ceptual characteristic whatever, but with the mind dependent 
intellectual (rather than perceptual) feature of being difTicuIl to 
understand and explain etc It is of course this intellectual mode 
of mind dependency that is at issue in regard to lawfulness To 
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characterize a generalization as lawful — like characterizing it as 
fundamental or important or interesting— is to give it a position 
within an epistemological framework in a way that reflects the 
stance taken toward this generalization by a comprehending 
intelligence 

I am not saying simply that laws, being formulated as pro- 
positions, presuppose language, and therefore presuppose minds 
Nor do I want to go off into Bishop Berkeley’s forest For we are 
not at the moment concerned with the general idealist position 
that properties in general require minds We recognize and admit 
— indeed regard as crucial — the distinction between the attri- 
bution of a property to an object by someone (which evidently 
requires a mind), and the possession of the property by the 
object (which is, or may be supposed to be, an objective, 
mind independent fact) But hypothetically counterfactual 
propositions are unavoidably mind-related The hypothetical 
cannot just “objectively be” the case but must be hypothesized 
or imagined or assumed Unlike real facts, hypothetical ones 
lack ex hypothesis that objective foundation in the existential 
order which alone could render them independent of minds 

Of course, in a trivial sense everything that is in fact actually 
discussed by someone bears some relationship to a mind Un- 
questionably, no matter what truth u e may think of, somebody 
thinks of, but what people think is not the crux Being thought of 
is not essential to the truthfulness of a truth And this way of 
approaching the matter- with reference to what “is thought to 
be the case — loses sight of the key issue of laws This would 
trivialize the issue It fails to differentiate laws from generaliza- 
tions that are not lawful, and so the point loses any specific 
relevancy to lawfulness as such But just this reference to 
lawfulness is the essential thing 1 have no desire to question the 
distinction between a fact say that the cal is on the mat which 
could continue unchanged in a world devoid of intelligence) and 
the thought or statement of a fact (which could not) M> P° int ,s 
tint the claim of lawfulness unlike the claim of factuahtv. 
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involves something (viz , a reference to the hypothetical) that 
would be infeasible in the face of a postulated absence of minds 
A generalization like "All cats are vertebrates (i e have back 
bones)" if not taken to formulate a law makes a claim whose 
correctness is doubtless unaffected if we postulate a mindless 
universe But if the generalization is construed in a lawful sense, 
as asserting that cats have to have backbones, with some sort of 
nomic necessity the story is quite different For lawfulness "lies 
in the eyes of the beholder,” since the lawfulness of a generaliza 
tion consists in its being regarded and treated and classified and 
used in a certain way All this is impossible in a mindless world 
Kant was quite right Lawfulness is not something that one can 
meaningfully postulate objectively of a mindless world, it is a 
mode of "appearing to a mind ” For if the hypothetical element 
(which is clearly accessible only in a world endowed with minds) 
were aufgehoben (annihilated), lawfulness would be aufgehoben 
too Of course we can think of an "alternative possible world” 
that is unpopulated and so mindless, but yet lawful — so long as 
we do not imagine ourselves too wholly out of the picture so as 
to create a genuinely mindless universe But if we rigorously 
put aside all reference to the mental— even tacit reference- 
then the hypothetically possible is lost, and lawfulness is lost 
with it 

It should be stressed that the hypothetical element at issue here 
extends well beyond the sphere of overt laws, to encompass all 
dispositional predicates such as ‘ soluble,” “malleable.” "fragile,” 
as well as cognate dispositionally classificatory nouns such as 
"conductor (of electricity) * nonconductor " and the like For 
these all have an intrinsic hypothetical element The cube of sugar 
is soluble because "if it is immersed in water for a sufficient period 
of time then ”, the copper wire is a conductor because "</ an 
electric charge is placed at one extreme, then .” Applications 
of all such dispositional nouns and predicates arc implicitly 
lawful Thus our analysis of the implications of lawfulness are 
operatise here also Thus insofar as lawfulness is mind depen- 
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dent, so is the applicability of such intrinsically hypothetical 
dispositional qualifiers . 18 

At this point, however, the distinction between laws and 
regularities becomes important. No doubt nature is in various 
respects regular; it would take a bold act of rashness to deny that. 
And this regularity of nature in various respects is no doubt an 
ontological fact that would remain unaltered in the face of any 
hypothetical removal of rational minds from within its purview. 
But the idea of a law involves, as we saw, more than just factual 
regularity as such, since lawfulness is bound up with nomic 
necessity and hypothetical force. To say that these factors do not 
represent objective facts but result from man-made imputations is 
not to gainsay the objective reality of regularities in nature. 
Rather, it is to recognize that laws play a role in our conceptual 
schema that imposes requirements going beyond mere regularity. 
It is not the regularity claimed by a law but the lawfulness it 
builds into this claim that is mind-dependent. (The “idealistic 

aspect of our law-idealism is thus a qualified one.) 

The point can be brought home by means of considerations 
already alluded to. The thesis that “Oak trees are deciduous” 
may well tepresent a regularity that continues unchanged in a 
mindless world. But the thesis that “Oak trees have to be 
deciduous,” in a sense that warrants “If that pine were an oak 
then it would be deciduous,” would not be unchanged. It does not 
deal with the “objective fact” of regularity alone but brings in a 
realm of the hypothetically possible— and this, by the very 
naiure of the hypothetical, is vulnerable to a supposition of min 


18. Someone might content that ordinary, overtly nondispositional prcdi- 
cates like “has a length of one meter" are all covertly dispositional in the man 
of “If one were to take a meter rod and lay it alongside, then ... isassim* • 
of all physical predicates to the dispositional ones, though superficia y p a • 
w at root indefensible. To be sure, all such descriptive predicates have a reguiamy 
component and a lawfulness component; but with ordinary escnp ive 
dicates the regularity component predominates while with dispositions P** ' 
cates the lawfulness component is predominant. The straightforward assimilation 
of the two cases is thus an unjustified oversimplification 
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lessness. Regularity calls for no more than a universal generaliza- 
tion of the type 

(1) All X is y. 

But lawfulness, as we have said, goes beyond this to stipulations 
of the form 

(2) All X is Y, and if z (which isn’t an X) were an X then z 
would be a Y. 

Now (1) is simply an issue of ontological fact: If it is in fact the 
case that All (pure) mercury solidifies at ~38.87°C, then this 
circumstance could continue operative even if there were no 
minds around to think about such matters. But a type (2) gener- 
alization— a lawful generalization -would fare differently. Its 
reference to z’s that aren’t X's having to have certain character- 
istics if they were X's involves claims outside the domain of 
ontological fact, claims that make sense only under the (implicit) 
assumption that there are minds somewhere upon the scene, 
capable of entertaining hypotheses regarding what-would-be-if. 
In a mindless universe, the whole domain of the hypothetical 
can find no foothold. This, then, is the foundation for our thesis 
that laws, involving as they do essentially hypothetical claims, 
are mind-dependent in a way that endows them with an inevitable 
man-made component. 

The critical point that the realm of the hypothetical is mind- 
dependent should be argued explicitly. Somewhat reluctantly we 
must thus enter at least briefly upon a metaphysical digression 
regarding the ontology of the possible. The argument for the 
mind-dependency of hypothetical possibilities proceeds as 
follows: 

1. The natural world comprises only the actual. This world 
does not contain a region where nonexistent or unactual- 
izcd possibilities somehow “exist.” Unactualized hypo- 
thetical possibilities do not exist in the world of objective 
reality at all. 
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dent, so is the applicability of such intrinsically hypothetical 
dispositional qualifiers . 18 

At this point, however, the distinction between laws and 
regularities becomes important. No doubt nature is in various 
respects regular; it would take a bold act of rashness to deny that! 
And this regularity of nature in various respects is no doubt an 
ontological fact that would remain unaltered in the face of any 
ypothetical removal of rational minds from within its purview, 
at the idea of a law involves, as we saw, more than just factual 
regu arity as such, since lawfulness is bound up with nomic 
necessity and hypothetical force. To say that these factors do not 
^present objective facts but result from man-made imputations is 
Rath° — nSay tbe ob j ect ’ ve reality of regularities in nature, 
sch Cr> -° recogn * ze tbat ^ aws P^y a role in our conceptual 
j ma * at imposes requirements going beyond mere regularity. 
buiM n0t ^ regUlarity Maimed by a law but the lawfulness it 
a , n * * r t0 thlS Claim that 1S mind-dependent. (The “idealistic” 
^ o our law-idealism is thus a qualified one.) 

alre^h, P !!i n \ Ca , n be brought home b y m eans of considerations 
mav \vp1i U 6 t0 ‘ Tbe tbesis that “Oak trees are deciduous” 
mindless wllf! 3 regularil y that continues unchanged in a 
deciduous »• • d * BUt the thesis that “° ak trees have to b e 
then it wnnidu V enSe that warrants “ If that Pine were an oak 
deal with th ?f C,dU ° US ’” would not be unchanged. It does not 
realm of ihl ° bjectlve fact ” of regularity alone but bnngs in a 

na 'Ureofthehvn P ,h the “f lly possib,e - and this - by the very 
the hypothetical, ,s vulnerable to a supposition of mind- 

come « lh ?.‘ onl,nar > r ' ov ' n h nondispositional pred,- 
°t lfone*eretoe,?A ' me, ' r arc covertly d.spositional in the manner 
a " Phmcal predmaiesTo m a " d '“ y " “ lonsslde - lhcn • •" This association 
” a > reel indefensible T « i? h dls h'’ sl >ional ones, though superficially plausible 
fumponent and a SUre - a " such d «cnptive pred.caies have a regularity 
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lessness Regularity calls for no more than a universal generahza 
tion of the type 

(1) Alibis Y 

But lawfulness as we have said goes beyond this to stipulations 
of the form 

(2) All X is Y and if z (which isn’t an X) were an X then z 
would be a Y 

Now (1) is simply an issue of ontological fact If it is in fact the 
case that All (pure) mercury solidifies at — 38 87°C then this 
circumstance could continue operative even if there were no 
minds around to think about such matters But a type (2) gener 
alization— a lawful generalization— would fare differently Its 
reference to z s that aren t X s having to have certain character 
istics if they were X s involves claims outside the domain of 
ontological fact claims that make sense only under the (implicit) 
assumption that there are minds somewhere upon the scene 
capable of entertaining hypotheses regarding what would be if 
In a mindless universe the whole domain of the hypothetical 
can find no foothold This then is the foundation for our thesis 
that laws involving as they do essentially hypothetical claims 
are mind dependent in a way that endows them with an inevitable 
man made component 

The critical point that the realm of the hypothetical is mind 
dependent should be argued explicitly Somewhat reluctantly we 
must thus enter at least briefly upon a metaphysical digression 
regarding the ontology of the possible The argument for the 
mind dependency of hypothetical possibilities proceeds as 
follows 

I The natural world comprises only the actual This world 
does not contain a region where nonexistent or unactua! 
ized possibilities somehow exist Unactualizcd hypo 
thetical possibilities do not exist in the world of objective 
reality at all 
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2. Nor do unactualized possibilities somehow exist in some 
Platonic realm of world-independent reality. 

3. The very foundation for the distinction between some- 
thing actual and something merely hypothetically pos- 
sible is lacking in a “mindless” world. Unactualized 
hypothetical possibilities can be said to “exist” only 
insofar as they are conceived or thought of or hypothe- 
sized, and the like. For such a possibility to be (esse) is to 
be conceived (i concipiendi ). 19 

In such a way, then, one can argue a denial that possibilities 
exist * n some self-subsisting realm that is “independent of the 
mmd. Inorganic nature — subrational nature generally — 

encompasses only the actual* The domain of the possible is the 
creation of intelligent organisms. A “robust realism of physical 
o jects is all very well, but it just will not plausibly extend into 
e area of the hypothetical. It would be foolish (or philosophi- 
cally perverse) to deny the thesis: 

This (real) stone 1 am looking at would exist even if nobody 
saw it. 

1 We Ca nnot reason by analogy to support the thesis: 

This imaginary stone 1 am thinking of would exist even if 
nobody imagined it. 

s Pher rCa * wor ^ does not underwrite that of the 

and I C ° ^ ypot ^ et ‘ ca l possibility. This sphere is mind-dependent, 
arp *,:° COasc( l u cntly those intelligent resources which, like laws, 
c ninged upon it. 

hl.insha ^ ca ^ lsls *hc old school (F. H. Bradley. B. 
t> ctUc ar * xv °wld not accept our idea of laws as a via media 
Cn mcrc rc 8 u laritics on the one hand and the logically 
X'i fo .I. 

->rtt Jf | lPtt ' *' not lo drop the usual distinction betw ecn a thought and its 
,l11 ' oran P e be an apple. 1 imagine it at an apple and not as 
llul d»'s discs not gainsay the fact that the apple at issue 
«■ » -*««, only m , mnptn-ition • 
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necessary on the other Indeed their reasoning seems to proceed 
by elimination There is no such intermediary and natural laws 
are not mere regularities, ergo they are truths of logic Now of 
course, one would incline to counter this position with the claim 
that there is nothing inherently self contradictory about denying 
the laws of nature, whereas there is something self contradictory 
about denying a logical truth The old line idealists will respond 
that law denials will turn out to be self contradictory once we have 
learned enough about the system of which they are a part (It is 
certainly possible to hold a belief on grounds one believes to be 
empirical but which later turn out to be logically necessary ) 
They hold that when science is complete all lawful relationships 
will be revealed as somehow logically necessary This (Blan 
shard s) position is akin to that of Leibniz All empirical pro 
positions are analytic although they may not appear so to our 
finite minds This position is not patently untenable but it places 
a burden on one s faith in ultimates that has little to recommend it 
The key points of the argument developed in these three sec 
tions can be summarized as follows 

1 The concept of scientific explanation is such as to 
require Ian fulness in the generalizations employed 

2 Lawfulness requires the factors of nomic necessity and 
hypothetical force 

3 Nomic necessity and hypothetical force both in significant 
measure go beyond the sphere of what can be established 
by observation and experiment 

4 Lawfulness can thus never be wholly based upon an 
observational foundation Rather it represents an im 
puinhon that is (or should be) web founded upon eviden 
tial grounds (The key factors in this well foundedness 
are the correspondence to fact aspect of empirical 
evidence and the systematic coherence of filling the 
generalization into a fabric of others that in the aggregate 
constitute a rational structure an integrated body of 
knowledge that constitutes a * branch of science ) 
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5. Laws arc therefore in significant respects not discovered 
but made. A law, unlike a simple assertion of regularity, 
involves claims (viz., of nomic necessity and hypothetical 
force) that are mind-dependent and cannot be reste 
simply upon objective matters of observed fact. 

6. Our position thus has the character of a qualified idealism. 
Lawfulness is not just a matter of the observable facts u 
involves, through reference to the factors of nomic 
necessity and hypothetical force, an essential element ot 
transfactual imputation, and thus is in a crucial respect 
mind-dependent. 20 


4. Causal Laws: The Principle of Causality and Its Limitations 


Causal explanation is unquestionably the most prominent o a 
modes of scientific explanation, and any discussion of exp an 
ation would remain grossly incomplete if it failed to deal wit t e 
idea of causality. The best approach to the concept of a cause is 
through the correlative concept of a causal law. A causal aw is 
one that corresponds to empirical generalization of the type. 
“Whenever conditions of type X are realized, a phenomenon i o 
type Y will be present.” On the traditional conception ot the 
matter, a type A" event is “« cause ” of type Y only if. whenever a 
type X event is realized, 21 a type Y event invariably succee 
coexists with it. An example of a causal law of this s0 ^ 1 ,s 
represented by the law of falling bodies initially enunciate y 
Galileo: 

Whenever an object has been released from altitude for free 
tn vacuo for a period of t seconds, it will move towar tee 
surface with a velocity of £g/ 2 . 


20 Some of the ideas dealt with in the section are discussed 111 1934 

luminating way in A C Ewing Idealism A Critical Survey ( ° 

3rded . 1961),seechap vm. “Idealistic Metaphysics ” --.-♦•-which 

21. Or, more fully, “is realized under appropnate circums a 
then need to be spelled out 
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A causal explanation of an event is. correspondingly, an 
explanation of its occurrence in terms of its causes, and calls for 
the specification of the actual conditions and circumstances that 
underwrite its explanation in the context of specified causal 
laws One (rather oversimplified) example would go as follows 

Q Why is that object now falling with a velocity of 8g — i e what 
are the causes of this 0 

A It was released in t actio from altitude four seconds ago, has 
since been moving in free fall and Whenever an object has 
been released 

At its very simplest, a causal explanation is a direct deductive 
subsumption argument of this sort, placing given occurrences 
within the scope of a causal law 

In general, of course, the situation is more complex The causal 
background of most occurrences is highly variegated A vast 
multiplicity of factors may be operative in producing the event, 
the bankruptcy of a manufactunng firm may be due in part to a 
lessened demand for its products, in part to a rise in pnce of the 
input materials its products require, in part to the failure of a 
major creditor to discharge his obligation A whole host of 
causal circumstances may “conspire” in producing the caused 
event, and many causal laws may be jointly operative in its 
production We would then speak of “o cause” in connection with 
one of these causal factors, i e , as one of the elements in the 
complex causal picture and characterization as “ the cause” 
would only be applicable to the aggregate sum total of all these 
factors 

It follows from this recognition of complex multi constituent 
causation that to say of an occurrence that it is causally explicable 
is not to claim that this event falls squarely under the purview of 
some one causal law It would suffice that the event can be ac- 
counted for within the framework of causal laws in general, 
though possibly requiring recourse to a plurality of laws for its 
explanation To be causally explicable, an event need not fall 
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within the scope of one single causal law but need only be covered 
by the enttre fabric of the totality of causal laws 
The idea of a cause is correlative with that of a causal law One 
can speak of “causes” only where cause efTect relationships are 
held to be operative, and to hold this is to invoke the workings o 
causal laws The step from the operative causes to the caused 
results cannot be made without the mediation of causal laws 
Causal laws thus provide the indispensable setting within whic 
the notion of cause effect can be deployed and without which the 
idea of causality would remain inapplicable The ideas of caus 
ality, of causal laws, and of causal explanations are insepara y 
intertwined correlatives Each can be brought to bear only where 
the others are applicable 

There is no need to dwell at length on the important place t a 
the concept of causation has both in the commonplace affairs o 
everyday life and in the more rigorous context of various branc es 
of science, which, like history, astronomy, evolutionary biology, 
or forensic medicine, are extensively concerned with the scientific 
explanation of particular, concrete events The idea of causa ity 
and the mechanism of causal explanation that goes with it is 
certainly among the most prominent and pervasive concepts wit 
which we operate throughout all attempts to understan t e 
world we live in . 

Due recognition of this supremely important place o e 
conception of causality throughout man’s attempts to un erstan 
his environment has led philosophers to espouse the Princip e o 
Causality’ —the thesis that Every event has a cause In lts u 
articulation this thesis embodies the claim that any an e ' ,e *T 
event E can be subsumed under a complex of causal laws o t 
type Whenever C type circumstances are realized, an type 
result will ensue , 

This thesis that all events can be accounted for wit in e 
framework of causal law has far reaching implications for the 
topic of our present discussion It would lead to the imme iate 
consequence that any and every event can be explained causal y. 
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that there are no limits to the range of applicability of causal 
explanation within the sphere of natural events. The question of 
the correctness of the Principle of Causality is thus of central 
importance for the theory of explanation. 

It is clear upon even cursory reflection that the Principle of 
Causality cannot be an a priori truth: It makes an empirically 
refutable claim about the contingent structure of the course of 
nature It is thus necessary to regard it as an (extraordinarily 
broad) empirical generalization that may be more or less well 
supported by the evidence thus far in hand. Such, clearly, must 
be the status of a doctrine that asserts: 

Every event that occurs belongs to a class E all members of which 
are invariably preceded (or accompanied) by events of an as- 
sociated class C 11 

That this thesis is thus empirically vulnerable is patent on the 
very surface; it makes the factual claim that every event invariably 
has a certain feature of association with other events. The claim 
at issue is that the world is of a certain by no means inevitable 
type— that occurrences in it have a particular pattern of order- 
liness. This is certainly no logically necessary feature of any and 
every possible world. Even if it should turn out to be an actual 
feature of this world (which is something we shall call into ques- 
tion). it would have to be a contingent feature that cannot be 
claimed to obtain on the basis of a priori considerations but only 
on the basis of the factual evidence one can amass. It is thus clear 
that such a principle must be viewed in the light of a descriptive, 
empirical thesis, albeit one that is very fundamental in Us nature 
and very comprehensive in its scope. As elsewhere, then, we 

22. The machinery for specifying such classes E and C must be restricted in 
appropriate ways tf this thesis is not to be trivialized Such complexities need not 
concern us at this present point Moreover the link between E and C must not be 
a logical one. ihey must be logically independent Thus an aircraft’s * breaking the 
sound barrier" can be advanced as the cause of a "thundering noise” but cannot 
be regarded as the cause of a “sonic boom because "sonic boom" is defined as 
the noise made by ah aircraft breaking the sound barrier, and so the requirement 
oflogical independence would be violated 
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must look to the extent to which the generalization is supported 
by the evidence in hand. Viewed in this perspective, it soon 
becomes clear that the Principle of Causality is in fact false, or at 
any rate very likely false in the face of present-day science. 


5 The Stochastic Revolution and the Downfall of Causality 

Nowadays it is a commonplace observation that the entry of 
irreducibly stochastic laws into natural science via physics t 
paradigm of scientific respectability — has made a revolutionary 
impact upon our concept of nature. Even schoolboys have heard 
something of the quantum theory and its dethronement of the 
deterministic conceptions of classical physics. It has a so een 
argued, in discussions that have perhaps generate m ^ e e 
than light, that the statisticization of microphysics ho s vas 
implications for our concept of man, because of purporte ear 
ings upon the age-old problem of free will versus determinism in 
human affairs. In the hue and cry over these two hig y exci ing 
phases of the stochastic revolution, a third, less stri ing u 
perhaps no less significant effect has been relative y un er 
emphasized— the necessity for basic revisions in the concep o 
scientific explanation itself. A close look at this deve opmen 

essential to our scrutiny of the nature of explanation 

One of the central themes of modern physics relates to tne 
existence of random events represented by such irre 
stochastic processes as radioactive decay . 23 In these con 
there are specific events -such as the decay of an unstable atom 

23 1 speak or “ trreduably stochastic processes” hcre *“®“*** , “enter m’ 
classical deterministic physics too allows prohaWistic consid^ ^ ^ dassjca , 
Thus the range of probabilistic theories in general me x which are in 

statistical theories (such as. for example, the kinetic theory result of an 

principle deterministic, that ,s- where the “indeterminacy is only a result o ^ 
incomplete description of the initial state of the system ™ Although the 
example, . eonjeied be pan T.lassica, d~— 
usual treatment of Brownian motion is statistical, a y 
ment is in principle possible 
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of some very heavy element— which according to the standard 
view of currently accepted scientific theories, take place without 
the operation of any “causes ” and wtth respect to which causal 
explanations cannot be given Indeed, as we saw in the dis- 
cussion of probabilistic discrete state systems there can be 
natural systems whose history includes not a single caused 
occurrence , that is, none of whose states is “caused” by its 
preceding states in the sense of causality specified at the outset 
Events of this type make manifest the falsity of the Principle of 
Causality, or at any rate its probable falsity, allowing for potential 
imperfections in the present state of scientific knowledge of the 
matter 

The downfall of causality has profound implications for our 
understanding of the nature of explanation Only gradually have 
philosophers of science, students of scientific method and 
scientists concerned about conceptual fundamentals come to 
occupy themselves with something whose necessity they have 
granted but grudgingly— a fundamental re examination of the 
very meaning of explanation Heretofore causal explanation has 
been the standard mode of explanation, and thus the model has 
been a mode of explanation that consists in the deductive de- 
rivation of an explanatory conclusion from umiersal-Uw pre- 
misses But in the wake of the dethronement of causality in 
quantum physics the deductive conception of explanation 
suffered a hard blow— indeed a mortal one so far as its claims to 
exclusiveness are concerned 

According so naturally as it does with the mechanistic approach 
of classical Newtonian physics, the deductive conception of 
explanation rapidly established itself after the beginnings of 
methodological consciousness in the second quarter of the 
nineteenth century Throughout the century, it was adopted as 
the correct theory of scientific explanation Such illustrious 
thinkers as Comte, Whew ell Mill Jevons— in short most major 
nineteenth-century theorists of scientific method— all accepted 
this conception of the nature of the explanation 
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So deep-rooted did this way of looking at explanation come to 
be, that the stochastic revolution of turn-of-the-century physics 
seemed for a long time to leave it to all appearances unaffected. 
Various important twentieth-century students of science, includ- 
ing Rudolf Carnap. Norman Campbell, Karl R. Popper, and 
Herbert Feigl gave continued and powerful support to the 
deductive view of explanation. Perhaps its most elaborate and 
painstaking formulation was given as late as 1 948, in an important 
article by C. G. Hempel and P. Oppenheim, where however 
there is an explicit, although unemphatic, recognition of its 
limitations. Adherence to the deductive conception of explanation 
continued well into the present century. 24 

Only since the 1940’s, with the fading influence of logica 
positivism, so heavily imbued with nineteenth-century con 
ceptions, have statistical explanations come to be recognize as 
deserving not only a measure of acceptance but almost a p ace o 
prominence. At last a state of theoretical affairs was realized 
which developments in physics since the turn of the century 
rendered appropriate and indeed inevitable. (Not that die- ar 
support of the exclusivity of the deductive concept of explanation 
cannot be found at the present writing!) However, a dogmatic 
insistence that only deductive accounts are to qualify as exp an 
ations flies in the face of historical experience. At various junc- 
tures, scientists have been inclined to insist that explanations 
cannot transgress certain limits. The sphere of proscn 
explanatory instrumentalities has included such items as action a 
a distance, creation ex nihilo , and noncausal processes, ecause 


24. See for example, the article by May Brodbcck 
and ‘Imperfect’ Knowledge." Minnesota Studies tn tie '' 050 «. crc 

cd by H. feigl and G. Maxwell, sol 3 (Minneapolis 196.) rr " ||w 

the problem of explanations on the basis of statistical aws 
(undefended) declaration that "from statistical genera iza ions. w| jj 

"cannot” intcnded^-N. R1 deduce ‘with probability that a cert. h h 

oveur, rather wc deduce exactly the relative frequency or pro a |)C j aws 

«n e\cnt will occur in a certain group “ This, of course, pu * 
hors de combat in any discussion of particular occurrences 
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of the repeated failure of such limiting restrictions, there has been 
a marked decline of a priortsm in regard to scientific explanation 
in the face of modem developments in science, people are in- 
creasingly disinclined to say that an explanation cannot proceed 
this or that way (Even in psychology there is now a notably les- 
sened tendency to dismiss parapsychological findings out of 
hand as a matter of “general principles ”) 

Various authors still preach on the Kantian text that the 
Principle of Causality is regulative for scientific inquiry in the 
sense that a failure to accept the principle would constitute a 
somehow defeatist attitude toward the possibilities of arriving at 
scientific understanding of the world about us, an attitude that 
might hamper or even block success in scientific work 25 Con- 
strued in this way the principle is not a thesis but a rule of 
procedure, an operational maxim enjoining the search for causes 
Now an operation maxim may well be highly serviceable even if 
it is a “useful fiction” based on a false premiss “Always carry for- 
ward your research as though the events at issue were caused”— 
“Always drive as though all the other motorists were incom- 
petent A useful principle of operation need not correspond to a 
true doctrinal precept, there being a vast difference between a 
procedural rule (Treat all men as your friends) and the corres- 
ponding factual thesis (All men are your friends) The former 
may well be maintained in the face of countennstances to the 
latter 

Thus the Principle of Causality could well prove to be useful as 
a regulative principle even though false as a thesis But even this 
does not seem to be the case, and we can spare ourselves the 
intellectual inconvenience of a “useful fiction ” For the fact is 
that it is by no means unavoidably detrimental to the aims of 
science to demote causes from their traditional pedestal of the 

25 A forceful presentation of this view— given however without endorse 
ment— is presented in John Hospcrs An Introduction to Philosophical A nah sis 
(2nd ed Englewood Cliffs NJ 1967) pp 317-318 This book contains an 
elementary but very cogent and lucid discussion of the principle of causality 
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primary target of inquiry. As we observed at the outset, causes 
are correlative with causal laws, and what is crucial here is not the 
causality but the legality. It is, after all, the discovery of the laws 
of things, regardless of whether they turn out to be universal or 
probabilistic, that provides a criterion of success in scientific 
inquiry. Even those natural systems, in the examples from 
modern, indeterministic physics, in which no caused occur 
rences take place at all are rigidly governed by specifiable laws, 
laws to be sure of the probabilistic rather than universalistic type. 
This yields the important lesson that the fundamental factor in 
scientific understanding will be a grasp not necessarily o t e 
causes but of the laws of things- Thus the appropriate regulative 
principle,” it would seem, is not so much the Principle of Causa 
ity (“All events have causes”) but a Principle of Legality ( 
events are law-governed”). We would do well to replace the c as 
sic maxim rerum cognoscere causas (to know the causes o 
things) with the version rerum cognoscere leges (to know t e aws 
of things). And from this perspective, the de-emphasis of causes 
as governing objectives of scientific research need not be viewe 
as a dire impediment in the path of inquiry. 

The recognition of stochastic events and its consequent 
acceptance of probabilistic laws — laws which, not being univer 
sal. will not be causal laws -has a decisive role in restricting the 
realm of causal explanation and thus in forcing a reappraisa o 
the very concept of causality itself. It forces upon us the recog^ 
nition that “causally inexplicable” need not mean ^mysterious 
or “preternatural.” There is nothing inherently strange or 
“mystical” in the stochastic processes with which modern s "“ ,cn £ e 
confronts us. Quite the reverse; we arc taught the lesson t at t c 
operation of “chance” processes in nature can be a matter o 
prosaic commonplace. All the same, the recognition of *hc p ace 
of stochastic events in the natural scheme of things docs c cctiv c 
ly invalidate the Principle of Causality as a metaphysical thesis, 
and in consequence places definite limits about the range o 
application of the procedure of causal explanation. (And it is on > 
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fair to the historically influential concept of causality to stress 
that the exceptions to the classical Principle of Causality with 
which modem physics confronts us do belong to certain rather 
specialized and restricted categories of events ) 

All the same, the recognition of this stochastic sector (however 
small) has important implications of principle, as we have seen It 
shows that we must not identify the realm of science with the 
realm of causality Science is something too fundamental and 
deep rooted not to survive a breakdown of universal causation 
Phenomena may fall outside the sphere of causality without 
thereby moving beyond the horizons of science Those essentially 
stochastic processes that he outside the causal realm, moreover, 
are not mysterious and irrational These “chance” phenomena 
are perfectly “natural” and indeed law governed Although such 
occurrences will violate the classic Principle of Causality they 
need not be taken to violate the classic Principle of Sufficient 
Reason, they can be rationalized by being placed in the context of 
laws in such a way that their occurrence can be "accounted for ” 
An event of this sort may not be “causally explicable” but it 
nevertheless can be rendered thoroughly understandable within 
the framework of science 


6 Explanation Scientific Understanding 
and the Aims of Science 

It has been said that the central, definitive task of science is the 
specific prediction of the future states of natural systems On this 
view, prediction represents the ultimate aim or science But. as 
we have seen in connection with a variety of examples, there can 
be perfectly straightforward natural systems of the stochastic 
type the prediction of whose specific future states is in principle 
impossible Consideration of this Tact combined with a rcaliza 
lion that the study of such systems is certainly an integral part of 
the necessary work of science strongly suggests that it would be 
mistaken to stipulate that predictability is essential to science 
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It might thus seem plausible to take the view, which many 
writers have indeed taken, that the central, definitive task of 
science is better construed in terms of explanation rather 
than prediction, since this latter may be wholly impossible (and 
impossible not just de facto but even in principle) in cases when 
the former resource lies within reach. But even this position is 
rendered untenable by the recognition of cases (and we have seen 
many examples of them) in which “scientific understanding of a 
system is perfectly possible even in the total absence of a capacity 
to explain its states. 

The fact is that it is altogether wrongheaded to say, as one often 
hears it said, that the factor of prediction or of explanation or o 
“control over nature” represents the aim of science. Of course it 
may be to some extent problematic whether someone who 
speaks in this way intends a reference to the sole aim or the 
primary aim. But actually, the thesis in view is incorrect on eitier 
construction, even the weaker one. For the fact is that science ms 
a plurality of coordinated objectives. Science seeks not on y to 
facilitate retrodictive reconstruction of the past and to explain 
what has happened and what presently goes on, but to pre ict 
what will probably go on, and to afford men the instrumentalities 
of control — or at least partial control — over it. It thus is, or 
should be, quite clear that science does not have a single, mono 
lithic aim, but a multiplicity of purposes, some basic and theoreti- 
cal (explanation, prediction, and retrodiction), and ot ers 
consequent and practical (control). 

These various factors have a differential bearing upon 
various branches of science and bear upon them with varying 
weight. In linguistics, for example, the explanatory clement is 
paramount. In medicine we could not rest content with ex pos 
facto explanation, no matter how adequate; the pivotal actor is 
control (and indeed in purely empirical medicine w c coul attain * 
reasonable degree of control in the face of machinery inadequa c 
for all explanatory purposes). In meteorology we might, an in 
cosmology we almost surely would be willing to sett e tr 
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j opacity to explain and predict, even if our ability to control the 
phenomena of the subject were nil. The relative importance of 
explanation, retrodiction, prediction, and control could thus be 
expected to vary substantially from one branch of science to 
(mother. 
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possible. In the cases of the type that are at issue here, and of 
which various instances have been given, we may certainly have 
a great deal of information about the systems involved, and can 
even, in a sense, possess all the information about the functioning 
of the system that can possibly be known. We may thus, for 
example, know, inter alia, the entire history of the functioning o 
the system, and all of the laws (of all relevant types) governing its 
behavior. The thing we may be entirely unable to do is to pre 
diet”— or to “explain ”— certain specific occurrences in any sense 
answering to any reasonable usage of the term. If we are not to 
say that scientific knowledge is in principle impossible in sue 
cases, then we must construe scientific knowledge not in terms o 
an ability to explain (or predict or retrodict) specific states ut 
rather in terms of a grasp of the generalized knowledge of t He 
laws of operation of systems in accordance with vvhic i t leir 
specific states come to be realized. Thus as far as the theorctica 
aspect of science is concerned it is systematization- a 
essential knowledge of laws in terms of which explanation an^ 
rational retrodiction and prediction all alike become possi e 
that comes closest to answering the question of the aim 


science. .. 

The consideration of stochastic systems forces us to t e rea i 
ation that scientific understanding can be present espi 
impotence to explain (predict, etc.) even in principe cc * 
particular occurrences. As regards explanation, this ea s 
recognize the fundamentally of description, being ab e to ep 
laws so as to describe the modes of functioning of natura s ^ s 
As regards prediction, it becomes apparent that it is not req 
for scientific understanding to be able concrete y to or 
future, but only that, by invoking natural laws. '%c c ‘ - 

bring to bear a concept of possibility and impossi i ity in 
'vhich to canalize our expectations, to be able to say 


n - , 

The root task of science ought thus to be thought 4 , 

mentally descriptive one: the search for the laws t at c i 
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capacity to explain and predict, even if our ability to control the 
phenomena of the subject were nil The relative importance of 
explanation, retrodiction, prediction, and control could thus be 
expected to vary substantially from one branch of science to 
another 

Viewed in this perspective, science has a multiplicity of func- 
tions that can be grouped into two discnmmable categories— 
distinct, yet not unrelated There is the side of theoretical 
systematization in the exploitation of laws for explanation, 
prediction, and retrodiction This theoretical side of science 
would be of interest to a purely spectatorial intelligence, a 
disembodied mind that was in no way an active participant in the 
affairs of the world (regarding which it had some nonmteractional 
source of information) On the other hand, as an active participant 
in the great drama of the physical universe, man properly seeks 
through science to acquire a measure of control wider than what 
his prescientific intelligence would otherwise afford him Viewed 
as a whole, science is consequently a multipurpose endeavor, 
having not one monolithic aim but a varied spectrum of related 
objectives To speak of explanation (or prediction, or retrodiction 
or control) as “the aim” (sole or pre eminent) of science is to fall 
into an error analogous to that committed by the monolithic 
summon bonum theories of traditional ethics that locate “the 
aim" of human life uniquely and exclusively in "happiness” or 
nowledge” or “piety” or some other single good It would 
seem that both approaches are myopic, concentrating upon one 
actor to the exclusion of other, equally necessary elements of 
what is a complex, many-sided structure 
Once we proceed beyond the purely manipulative issue of 
control to the theoretical aspect of science (explanation, pre- 
iction and retrodiction), it would appear that the heart of the 
matter does not reside in any one of these resources as pre- 
ominant over the rest but in something common to them all 
Each of them, specifically including explanation, may fail us in 
certain cases m which “scientific understanding” is yet altogether 
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By way of conclusion, one aspect of this line of thought de- 
serves brief summary. It is not requisite for scientific under- 
standing to afford us a preview of the future, nor even necessarily 
to give us the means for explaining events once they have hap- 
pened. It suffices that we be able to rule out as excluded from the 
realm of possibility” broad classes of occurrences that from the 
standpoint of the naive, or rather the untutored mind are perfectly 
“conceivable.” The key thing in scientific understanding is the 
capacity to exploit a knowledge of laws to structure our under- 
standing of the past and to guide our expectations for the future. 

7 Explanatory Frameworks and the Limits of Scientific 
Explanation 

“What sorts of things are candidates for scientific explanation, 
what is the potential range of the explanatory problems of 
scientific inquiry?” The answer to this fundamental question 
would seem to be: “Any and all facts whatsoever.” Nothing is in 
principle placed outside the purview of science. The conceivable 
subjects of scientific explanation therefore exhibit an enormous, 
indeed an endless variety. All the properties and states of things, 
a ny and all occurrences and events, the behavior and doings of 
people, in short, every facet of “what goes on in the world, can 
be regarded as appropriate objects of scientific explanation. 

But although science does not exclude anything from its 
purview, there is perhaps some range of fact that is located out- 
side the effective range of scientific explanation. Certain facts 
within the field of view of science may yet he outside the reach of 
its grasp. Perhaps there arc a priori theoretical grounds for has ing 
to exclude certain facts from the effective scope of science as 
hing beyond its operative limits. In coping with this issue of the 
explanatory completeness of science, wc must first recognize 
that there arc alternative*; to modern science as an instrument of 

explanation 

explanations can, of course, be classified according to the 
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functioning of natural processes For on the one hand, these laws 
can, as we have seen operate even in the absence of all prospects 
for explanation (and prediction or retrodiction) And on the other 
hand, reliance upon laws is an essential and necessary instru- 
mentality for the accomplishment of the various principal tasks of 
science (explanation, prediction retrodiction), indispensable in 
all those cases where these tasks can possibly be accomplished 
It is thus our grasp of natural laws, be they universal or probabil 
istic— not our capacity to explain, predict, and so on— that 
appears to be the basic thing in scientific understanding For it is 
undeniable that a knowledge of the pertinent laws goes a long way 
with endowing us with all that we can possibly ask for in the way 
of an understanding of “the way in which things work” —even 
tn those cases where the specific desiderata of explanation, 
prediction, etc , are, in the very nature of things, beyond our 
reach 

Let us place these considerations into the context of the 
traditional clash between scientific realism and instrumentalism 
Realists hold that scientific theories describe the world as it 
really is Instrumentalists maintain that science affords us tools 
for predicting and controlling observed phenomena without 
necessarily furnishing any materials for depicting the real world 
(Of course, a mode of ‘ realism” is now in view quite different 
from that at issue in the realism/idealism controversy ) Realists, 
holding that science can describe physical reality tend to stress 
the theoretical aims of science the description and explanation 
of what goes on in nature Instrumentalists as agnostics regarding 
the description of physical reality tend to stress the practical 
go ds of prediction and control The tendency of the consider.! 
tions we have just been developing— insofar as they support the 
fundumentahty of the theoretical aims of science vis a vis the 
practical — inclines toward the realistic side of this dispute But 
this result of realism once science is gnen will have to be 
moderated in the light of the instrumentalistic justification of 
science itself w htch we shall develop below 
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that someone replied to a greeting in the customary way “because 
of habit” is to give an explanation in different terms from the 
agent’s own statement that he did so “because it was the polite 
thing to do”; but the correctness of one of these perspectivally 
different explanations does not exclude that of the other. 

The mode of “perspective” now at issue requires a closer exam- 
ination. Here the idea of an explanatory framework becomes very 
useful. By an “explanatory framework” we understand a cluster 
of mutually relevant conceptions in terms of which explanations 
of a group of related facts regarding natural occurrences could be 
developed. An explanatory framework is thus a family of basic 


concepts and principles that furnish the machinery needed for an 
entire range of applications in the study of some aspect of nature. 
When a man is taken ill, for example, the onset of his malady 
might be explained in terms of biomedical causes (e.g., a viral 
infection) or psychosomatically (e.g., as the result of an auto- 
suggestion induced by fear of failure) or occultistically (e.g., the 
evil eye”). Such explanatory frameworks can, moreover, exist 
a j various levels of generality, as the scientific framework in- 
c udes the biomedical which in turn includes the immunological, 
n each case, the explanatory rationale within which the ex- 
P anation of the occurrence in question proceeds is developed 
Th' , re ^ Crcnce to a cer tain group of fundamental processes to 
v jc explanatory efficacy is imputed (infection, autosuggestion, 
ma l tn influence, etc.). Within the framework of early 17th- 
century physics, which proceeded to give all explanations by 
means of contact-action, the sort of action-at-a-distance at issue 
kin C -' Vl ° n S lheor y gravitation was just as heretical as psycho- 
scicnc* a ^ carei * * n ex Pl a natory framework of 19th-century 


PtysT °* m ° St str ^mg P ros P ec ts opened up by 20th-century 
- — 1Cs that nature is not uniformitarian in regard to size. 

cp. t c cn2t S ^f C 7 JC,a l * n ex rtonation of human actions, for example, may be 
* n ° lhcr Contcx,x * *b»ch is »hy one speaks disparagingly of 
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sorts of problems to which they address themselves, whether, 
for example, they relate to human actions, the activities of an 
artifact like a watch or a sector (e g , the meteorological) of the 
workings of inanimate nature Proceeding in this way one would 
classify explanations according to the type of explanandum at 
issue But one can also classify explanations according to the 
methods that are employed and more specifically yet, according 
to the nature of the sorts of concepts that are brought to bear for 
explanatory purposes For example, physical explanations 
astrological explanations, animistic explanations, or numerologi 
cal explanations can all be put forward to account for one and the 


same fact, say, the occurrence of a drought 26 Here the various 
explanations are differentiated according to the different sorts of 
concepts brought to bear in the explanans for accomplishing the 
explanatory job In the drought example, these different cate 
gones of explanatory concepts would include physico chemical 
interactions astral influences, occult forces and others 
It should not be concluded from the character of this specific 
example that some one of such alternative methods of explanation 
is necessarily and in principle nght and the others wrong or even 
that one is necessarily better than the rest One may think here of 
the extensive recent discussions of the explanation of human 
actions in terms of reasons on the one hand and in terms of causes 
on the other It is in principle a perfectly conceivable situation 
that such alternative methods of explanation need not be a matter 
o etter or worse or greater or lesser adequacy, but may simply 
refiect differences of aspect in the facts being dealt with so that 
the issue becomes a perspectnal one 27 For an observer to say 

Noic that we are here dealing with dimensionally different explanations 
ot the same occurrence and not with aspectivally different explanations of 
nous ac ona components of a complex phenomenon such as the political 
' ' ai ?\ Sr" cco " omic «r*cis of a certain foreign policy development The 
crucia i erence between factors and dimensions is that dimensions cannot be 
combined whereas factors can combine in complex causation with each one 
contributing its own weight to a composite result 

,S not course *° deny that a certain mode of explanation 
can be wholly inappropriate in some cases The rational purposive approach 
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that someone replied to a greeting in the customary way “because 
of habit” is to give an explanation in different terms from the 
agent’s own statement that he did so “because it was the polite 
thing to do”; but the correctness of one of these perspectivally 
different explanations does not exclude that of the other. 

The mode of “perspective” now at issue requires a closer exam- 
ination. Here the idea of an explanatory framework becomes very 
useful. By an “explanatory framework” we understand a cluster 
of mutually relevant conceptions in terms of which explanations 
of a group of related facts regarding natural occurrences could be 
developed. An explanatory framework is thus a family of basic 
concepts and principles that furnish the machinery needed for an 
entire range of applications in the study of some aspect of nature. 
When a man is taken ill, for example, the onset of his malady 
might be explained in terms of biomedical causes (e.g., a viral 
infection) or psychosomatically (e.g., as the result of an auto- 
suggestion induced by fear of failure) or occultistically (e.g., the 
“evil eye”). Such explanatory frameworks can, moreover, exist 
at various levels of generality, as the scientific framework in- 
cludes the biomedical which in turn includes the immunological. 
In each case, the explanatory rationale within which the ex- 
planation of the occurrence in question proceeds is developed 
with reference to a certain group of fundamental processes to 
which explanatory efficacy is imputed (infection, autosuggestion, 
malign influence, etc.). Within the framework of early 17th- 
century physics, which proceeded to give all explanations by 
means of contact-action, the sort of action-at-a-distance at issue 
in Newton’s theory of gravitation was just as heretical as psycho- 
kinesis appeared in the explanatory framework of 19th-century 

science. 


One of the most striking prospects opened up by 20th-century 
P y sics * s that nature is not uniformitarian in regard to size. 


** so cru clat in the explanation of human actions, for example, may b c 
out Place in other contexts, which is why one speaks disparagingly °f 
onthf opomorphism. 
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Conceptions as to how nature works at the level of the macro- 
objects of everyday experience— based on the ideas of space, 
time, and causality famifiar from the observations of ordinary 
life— may require drastic revision, nay, downright abandonment, 
at the level of the small-scale microphysica! phenomena The 
workings of nature may prove to be phenomena of scale Prin- 
ciples standardly operative at one level may be wholly inappli- 
cable at another A clear example is afTorded by the “slit experi- 
ment” of quantum optics, which reveals that the behavior of light 
is anomalous— light is not a particle and not a wave Neither of 
these two models works in all circumstances, and one summary of 
the situation is that the behavior of light in the small is conditioned 
by the environment , in that only the total system os a whole 
apparently suffices to determine the behavior of light units At 
any rate the prospect thus arises that different explanatory 
frameworks may be operative in dealing at different levels of 
scale, with “the same” sector of nature 
The examples of such occuft explanatory frameworks as those 
of numerology (with its benign ratios), astrology (with its astral 
influences), and black magic (with its mystic forces) indicate that 
explanatory frameworks can have diverse degrees of merit 
Their critical assessment renders possible a comparative evalu- 
ation or, more radically even makes it possible to call the 
legitimacy of an entire explanatory framework into question en 
bloc For the explanatory efficacy of the whole range of concep- 
tual tools comprising such a framework can certainly be denied in 
some cases upon highly convincing grounds We defer until the 
next section a consideration of the grounds for choice among 
alternative explanatory frameworks grounds upon which the 
superiority of the scientific framework over its alternatives can be 
established 

Escn after one recognizes the pre-eminence of the explanatory 
framework of science, the question of the comprehensiveness of 
Us cxplan itory range yet remains Can science actually explain 
eserythmg 0 It might seem at first sight that the answer here 
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would have to be a negative one, as indicated by the upshot of an 
argument as old as Aristotle’s Posterior Analytics . 28 In brief 
summary this argument goes as follows: To give an explanation 
of one fact as explanandum invariably involves the use of others 
in the explanans. An infinite regress will thus result. This regress 
can be terminated only if there are certain “ultimate” facts— facts 
not themselves explained, although they are available for use in 
the explanation of other facts. Such “ultimate” facts will play the 
role of basic premisses in science much as the axioms are basic in 
a system of geometry. And these ultimate facts will represent the 
limits of scientific explanation, for although science uses them in 
giving explanations, they will themselves lie outside the range of 
scientific explicability. 

This regress argument to an eventual bedrock of “ultimate” 
facts is seriously defective. This is so because there is no valid 
reason for postulating that the explanatory regress at issue must 
be a terminating regress that comes to a stop at a particular point 
of bedrock “ultimate fact.” Consider an analogy. Suppose one 
explains today’s occurrences in terms of yesterday’s, and 
yesterday’s in terms of those of the day before, and so on. This, 
quite obviously, is a process one cannot carry through to the 
finish; one will eventually have to stop someplace. But because 
one does stop at a certain stage it does not follow that one has to 
stop at this stage. (Or, at any rate, there is no reason of principle 
why this process could not be interminable, due to time’s stretch- 
ing endlessly into the past ad infinitum.) In this setting there will 
be many (infinitely many) events that are unexplained , but there 
need not be any that are inexplicable in the hypothetical sense 
that we could not explain them even if we would. The process 
does inevitably stop, but it does not stop inevitably; one is 
nowhere confronted by an impenetrable barrier. This example 
helps to show why the (true) premiss that facts must be explained 


28 See Bk. I. seel. 3 
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from facts does not lead to the conclusion that there must exist a 
body of ultimate facts. 

It is not for any reason of principle that the thesis that "Science 
can explain everything" must be rejected; it is because modern 
science itself, in the context of irreducibly stochastic processes, 
brings to light certain inexplicable facts. The limit of science does 
not lie at some theoretical boundary of ultimate facts but at the 
factual boundary of stochastic occurrences In the light of these, 
the dictum in view must be revised to "Science can explain 
everything explicable." We arrive at the (somewhat more modest) 
thesis that all facts can be explained scientifically that can be 
explained at all in ways acceptable to a rational mind. 


B The Problem of Explanatory Ultimates 

We have refused to recognize a category of "ultimate facts." 
But there is yet another aspect to the question of explanatory 
ultimates. the issue of ultimate principles of explanation. Con- 
sider questions of the type traditionally called "metaphysical” 
which also relate to "ultimates" of a certain sort: Why does 
anything exist at all 7 Why is the nature of existence as it is? 
There are quite different explanatory rationales within which an 
answer to these questions can be attempted: the theological 
rationale that postulates a creator-god. the mystic rationale 
that invokes an inscrutable "chance," the naturalistic rationale 
that looks to some inner exigency of the universe itself.” No 
matter what position one feels inclined to take here, certain 
basic methodological features of the problem should be noted. 


29 There is, of course, also possible recourse to the intellectual weariness 
of a positivism that dismisses ihese queries as illegitimate questions that "do not 
arise.” and rejects traditional metaphysics as meaningless nonsense Hut this 
intrinsically not umttructivc-and certainly convenient- position has always 
encountered difficulty in showing just why (convenience apart) these issues are 
to be classed as nonsense 
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The questions are. pretty clearly, not ones that can in the final 
analysis be settled on the basis of evidential considerations of 
the usual substantive sort. The issues involved are not “internal” 
but “systematic” to the study of nature, that is, they do not deal 
with specific facts regarding what takes place within the course 
of events in nature , but rather with certain general principles 
operative with respect to the course of events itself. 

If these questions are not to be dogmatically dismissed as 
improper, then one must deal with them on the basis of essentially 
regulative assumptions as to how things work in the world. This 
line of thought leads back to the concept of an explanatory 
framework. For such “ultimate questions” can be seen as 
questions regarding the basic explanatory framework to be de- 
ployed in explaining nature’s ways. Are we to resolve the issue 
in essentially causal terms, thus making essential reference to an 
agency exterior to the universe itself (e.g., God) 0 Are we to 
explain in terms of that nonexplanation called “chance”? Is 
the answer to be sought in some inner exigency of the universe 
itself? It is only by reference to such framework principles 
characteristic of the very style of our entire approach to explana- 
tion that our “ultimate” questions can be answered, and indeed 
it is just this that makes them “ultimate.” 

Explanatory frameworks can, as we have said, be criticized 
en bloc. Such criticism is not, however, possible a priori. It is 
not feasible to establish “on general principles” that numerology, 
say, or black magic will not work for explanatory purposes. It is 
perfectly conceivable in the abstract that the ways of the world 
could be so ordered as to establish the efficacy of these frame- 
works. The evaluation of explanatory frameworks must proceed 
a posteriori. But what criteria are operative here, by what stan- 
dards are explanatory frameworks to be evaluated? Since the 
“choice of a framework” plays such a critical role, we must con- 
sider more closely just exactly what is the nature of the choice 
that is at issue. Two considerations are supremely important 
here. (1) There are genuine alternatives so that there is an authen- 
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tic choice but yet (2) this choice is not an arbitrary one to be 
made with indifference Both of these points warrant further 
consideration 

The scientific framework is but one among various alterna- 
tives, for example, the occult framework embracing numerology, 
astrology, black magic, and the like But wherein does the super- 
iority of the scientific framework reside 9 Not in any a priori 
factor of intrinsic superiority, as already observed, the working 
of things in this world of ours might well be such as occultism 
would require Moreover, this superiority does not in the final 
analysis obtain on the side of explanation at all, a sufficiently 
sophisticated occultism might well “explain” all the actual 
occurrences in nature quite as well as science (Think of the 
irrefutable efficacy of the concept of “fate” as an instrument for 
explaining human actions ) The fact is that the superiority of the 
scientific framework comes about not so much in point of ex- 
planation but in point of prediction and control It is m this regard 
not with respect to explanation at all. that the scientific frame- 
work is in the final analysis able to make good its claims to 
predominance The superiority of the scientific framework of 
explanation is thus established by essentially practical criteria 
and obtains not in principle in a way that is somehow de jure and 
<1 priori, but in practice in a way that is essentially de facto and 
a posteriori I n the final analysis, the credentials of science derive 
from strictly practical rather than from purely theoretical con- 
siderations 

The occurrences of nature (though not, to be sure our de- 
scription of them) do not impose some unique explanatory frame- 
work for ihcir ratiomlizatjon The facts can be accommodated to 
various diverse modes of explanatory rationalization The result 
is a choice between a plurality of diverse alternatives This is 
the basis for an csscntnll> * rationalistic” approach Wc do not 
extract an cxplamtor> framework from the facts— wc bring 
one to them A creative intellectual act thus lies at the base of 
cxpl initton 
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But although “the facts’’ do not dictate the outcome of the 
choice of some one explanatory framework they do restrict it. 
The selection of an explanatory framework is not an arbitrary 
act. Theory, here as everywhere, will stub its toes against the 
hard bedrock of brute fact. The choice thus becomes limited: 
events, and the regularities that obtain among them, are what 
they are, and our conceptualization, classification, and explana- 
tion of them cannot proceed to ignore this, or rather, can do so 
only at the peril of failure. And failure at this level is governed 
not by theoretical considerations relating to the abstract reason- 
ing of explanation, but by pragmatic considerations of effec- 
tiveness or ineffectiveness on the side of practical issues: 
pre-eminently prediction of the future and control over nature. 

The choice of a theoretical framework of explanation is thus 
a limited or circumscribed choice. It is a genuine choice because 
there are alternatives; but it is a limited choice because the 
range of viable alternatives is restricted. The situation is analo- 
gous to an underdetermined problem in mathematics of the type: 
Given two points, draw an equilateral figure of fewer than six 
sides with these points as vertices. Such examples of problems 
admitting a plurality of admissible solutions are the paradigm for 
a situation of limited choice. 

But this plurality of alternatives is not the whole story, for the 
adoption of some one of these solutions is in this present case not 
a matter of haphazard. The choice at issue is not only limited, it 
is guided — principally by the criteria of pragmatic success in the 
areas of prediction and control. 

This line of thought indicates how the findings of science can 
be secured against the assault of traditional philosophic scepti- 
cism. The sceptic’s argument goes as follows: “The rational man 
must, of course, have a basis for his beliefs and opinions. Thus, 
asked why he accepts some accepted belief or opinion, he will 
cite one (or more) others that support it. But we can now ask 
him why he accepts these in turn, and this process can be con- 
tinued as long as one likes. As a result, we will either move in 
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a circle— and so ultimately provide no justification at all — or 
become involved in an infinite regress supporting the elephant on 
the bach of a turtle on the bach of an alligator etc The only 
way to terminate the regress is by a dogmatic acceptance, 
somewhere along the line of an ultimate belief that is used to 
justify others but is not itself justified But any such unjustified 
acceptance is by its very nature arbitrary and irrational Thus 
how can there ever be a secure standard of rational belief But 
how can we do this save by appealing to another standard-and 
then again onwards until some ultimately unjustified standard is 
irrationally accepted, so that the adoption of any ultimate stan- 
dard is ultimately arbitraryi ' So reasons the philosophic sceptic 
Our answer to this line of scepticism lies in recognizing that 
the things one rationally accepts are not of a piece Specifically, 
it is necessary to give a careful heed to the distinction between 
theses on the one hand and methods on the other It is indeed 
ultimately unsatisfactory to justify theses in terms of rurther 
theses in terms of further theses etc But reflection on the ration- 
al justification or the scientific enterpnse shows that this is not 
at all the issue here Rather we justify our acceptance or certain 
theses because (ultimately) they are validated by the employment 
of a certain method, the scientific method, thus breaking outside 
the cycle of justifying thesis by thesis by the fact that a thesis can be 
justified by application of a method And we justify the adoption 
of this method in terms of certain practical criteria success in 
prediction and efiicacy in control Our dialectic of justification 
thus breaks out of the restrictive confines of the sceptic s circle 
and does so without relapse into a dogmatism of unjustified ultt- 
mstes We justif) the acceptance or theses by reference to the 
method from which they dense, and we justify the method in 
terms of the cl issical pragmatic cnlcnon (With respect to 
mrlhodoloss, at an> rate, the pragmatists were surely nght- 
there is certain!) no better way of justifying a method than by 
establishing that • it works" with respect to the specific tasks 
held in view ) Our approach thus counters philosophical sccpt, 
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cism by a complex, two-stage maneuver, combining the method- 
ological justification of scientific theses with a pragmatic justifica- 
tion of scientific method. 

The upshot of the discussion of these last two sections may 
thus be summarized as follows. The endeavor of explaining the 
occurrences of the natural universe can in theory proceed along 
different alternative lines. The scientific framework of explana- 
tion is but one among others. Moreover, the choice of this 
particular framework is not forced upon us by the facts; we do 
not extract it from the facts, we bring it to them. The superiority 
of the scientific approach is not something that can be demon- 
strated on an a priori basis, and indeed does not ultimately rest 
upon theoretical considerations at all. Relating this final theme 
of our discussion to an earlier one, we can say that while pre- 
diction and control cannot be viewed as exclusively constituting 
“the aims” of science, they do represent criteria! factors by 
reference to which the superiority of the scientific framework of 
explanation can be established. 



appendix / 

ARE HISTORICAL 

EXPLANATIONS 

DIFFERENT?* 


1 . Introduction 

The claim is frequently made that the mode of 
explanation to be found in history differs 
radically and fundamentally from the types of explanation found 
in the natural or social sciences. This difference is said to lie in 
the fact that history, unlike science, must always deal with “the 
description of a situation or state of affairs which is unique .” 1 
It is argued that the exclusive objects of historical under- 
standing are unique, particular, concrete events. The historian, 
it is contended, is primarily concerned with describing and 
analyzing the unique features of his data, unlike the scientist 
who looks to the generic. This view, if correct, would have 
far-reaching implication for the possibilities of scientific ex- 
planation in the historical domain, since such explanation — 
proceeding as it does by subsumption arguments — could never 
cope with factors that are nowise generic because utterly unique. 

*This appendix is a revised version of a paper written in collaboration 
with Professor Care> B Joynt of Lehigh University and initially published under 
the title “The Problem of Uniqueness in History" in History and Theory , vol I 
(1961). pp 150-162 1 am grateful to Professor Joynt and to the editor of History 
and Theory for permission to use this material here 

1 W. Dra> , Law s and Explanation in History (London, 1 957), p 44 
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It IS the thesis of this appendix that such a claim for history 
(which when properly understood contains a large measure of 
truth) cannot without severe qualifications survive objections 
which can be brought against it Practicing historians, it is true 
sometimes try to defend the claim of history to uniqueness but as 
a rule these efforts are swept aside by the critics as special plead 
ing that does not come to grips with the substantive arguments 
which can be marshaled against them 

In the interests of clanty and truth it should be frankly recog 
mzed to begin with that in a significant sense every particular 
event whatsoever is unique 

Every insignificant tick of my watch is a unique event for no two 
licks can be simultaneous with a given third event With respect to 
uniqueness each tick is on a par with Lincoln s delivery of the 
Gettysburg address' Every individual is unique by virtue of 
being a distinctive assemblage of characteristics not precisely 
duplicated in any other individual * 

That is to say, it would seem to be an elemental fact about the 
universe that all events whatsoever are unique Every concrete 
natural occurrence is unqualifiedly unique even the occurrence 
of a so called ‘ recurrent ’ phenomenon like a sunnse or of * re- 
peatable" e\ ents like the melting of a lump of sugar in a teacup 
Events arc all unique in actuality, they are to be rendered non- 
umquc in thought only by choosing to use them as examples of a 
conceptualized type or class We refer alike to 4 an appearance of 
a comet* or "a scafight with sailing ships * and our use of such 
terms when examined suggests that the occurrences of natural 
history (in the sense of nonhuman history) do not difler as regards 
uniqueness from the events of human history Whether an event 
is selected for treatment as a unique concrete particular, or is 
treated as the nonunique exemplar of a class of events is essen- 
tially a matter of human interest and perspective Gahlco rolling 

2 A Gruntuum Causality and ihc Science of Human Hchavior American 
Scientist 'o! 0952) TP 665-676 reprinted in M Mandcthaum V " 

Gramlich and A R Anderson (eds > Fhtfau phic Problems (New >ork 1 9J7> 
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a ball down an inclined plane, treated each roll as identical, for it 
served his purposes so to do, just as an historian speaking of the 
Black Death could, if he wished, treat each unique death as identi- 
cal in its contribution to a class of events called “a plague.” Like 
the scientist, the historian resolves the dilemma of uniqueness by 
the use of a large variety of classes in his discussions; “nations,” 
“wars,” “revolutions,” “assassinations,” “budgets,” and the 
like. The list is endless. It cannot be maintained that the use of 
such classes sets history apart in that they fail to exhaust the 
unique structure of a particular person or event, for exactly the 
same holds true of all scientific classification. Only some of the 
features of a given particular are described in such a classifica- 
tion, and no set of generic classifications could conceivably 
exhaust the structure of the particular objects or events so 
described. 

Bearing these general but fundamental comments in mind, let 
us now examine in more detail the claim that history deals, in 
some sense, with unique events. Three particular issues can be 
utilized to throw considerable light upon this central problem; the 
relation of history to the “historical” sciences, the role of gen- 
eralizations in history, and the requirements of interpretation in 
history. 


2. The Relation of History to the "Historical" Sciences 

History, it is clear, has no monopoly on the study of the past. 
The biologist who describes the evolution of life, the sociologist 
or anthropologist who delves into the development of human 
organizations and institutions, the philologist who analyzes the 
growth and change of languages, the geologist who studies the 
development of our planet, and the physical cosmologist who in- 
vestigates the evolution of the cosmos — all deal with essentially 
“historical” questions, that is to say, with the events and occur- 
rences of the past. Many diverse areas of scientific inquiry have 
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matrices than docs quantum mechanics or the economics of 
production processes, however, this docs not mean that such 
differences in mathematical requirements can be used as a basis 
for claiming that these fields can be delimited on methodological 
grounds 

It thus appears that the definitive characteristics of history are 
to be found neither in its subject matter nor in its methods Does 
it follow that there is no essential difference between history and 
the “historical” sciences 9 Not at all* But to see the precise char- 
acter of the distinction we must examine closely the relative role 
of datum and theory of fact and law in various sciences 
Throughout the various sciences including all of those sciences 
which we have here characterized as “historical ” we find that the 
object of the science is the study of a certain range of basic “fact” 
with a view to the discovery of generalizations, ideally universal 
laws, which govern the range of phenomena constituting this 
factual domain In consequence particular facts have a strictly 
instrumental status for the sciences The ‘ facts” serve as data 
as means to an end the law In the sciences the particular events 
that comprise the facts studied play an indispensable but none 
theless strictly subordinate role The focus of interest is the 
general law, and the particular fact is simply a means to this end 
In history, on the other hand this means end relationship is 
m effect reversed Unlike the scientist the historian’s interest 
lies first and foremost in the particular facts of his domain But 
of course he is not solely interested in historical facts and in 
describing them For this is mere chronology, which may con 
stitute the inevitable starting point for history, but is by no means 
to be confused with history itself The historian is not simply 
interested in dating events and describing them but in under - 


Crucial experiments and that this is a privilege denied to all the historical sciences 
This issue is too intricate to be discussed adequately in this appendix We would 
only remind our renders thnt (1 ) nonrepeatability of experiments does characterize 
cert un of the mtural sciences also and (2) so called thought experiments are 
available to historians even as they arc to physicists 
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standing them And “understanding” calls for interpretation, 
classification and assessment which can only be attained by 
grasping the relationship of casual and conceptual interrelation 
among the chronological particulars 

Failure to recognize this essential point undermines Dray's 
argument that it is of the essence of historical explanation that it 
deals with a ‘ continuous senes” of happenings and that this 
model of a continuous senes best descnbes the offenngs of his- 
torians * In fact, a continuous senes of events is, taken by itself, 
simply chronology— no less and no more The following example 
in the form of a continuous time senes illustrates the point at 
issue 

At 10 a m Napoleon finished his breakfast At 10 20 he took 
off his night attire called for his riding clothes, and at 10 35 
kissed his wife good bye At 11 a m he mended a meeting of his 
commanders, decided to begin the campaign in ten days, and re- 
turned to his quarters at t p m At 1 02 p m he scratched his head 
p itted his forelock and at 1 03 p m he sat down reflectively be 
fore the large portrait of a former mistress ’ 

It is just at this point that scientific generalizations and laws 
enter upon the scene They provide the necessary means for 
understanding particular facts They furnish the fundamental 
patterns of interrelationships that constitute the links through 
which the functional connections among particular events may be 
brought to view 

Now if this an ilysis is correct it is clear that the historian 
simply inverts Ihc means end relationship between fact and 
theory thit wc find in science Tor the historian is interested in 
generalizations and docs concern htmscir with them But he docs 
so not because generalizations constitute the aim and objective of 
his discipline but because they help him to illuminate the pameu- 
I ir facts with which he deals History seeks to provide an nndtr- 
Handing of sptctfic ot curr cnees and has recourse to such liws 
and generalizations— largely borrowed from the sciences but also 
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drawn from ordinary human experience— which can be of service 
in this enterprise. But here the role of generalizations is strictly 
instrumental: They provide aids toward understanding particular 
events. The scientist’s means-end relation of facts to laws is thus 
inverted by the historian. 

Correspondingly, the very way in which history concerns itself 
with the past is quite different from that of the “historical” 
sciences. The historian is interested in the particular facts 
regarding the past /or themselves, and not in an instrumental role 
as data for laws. Indeed, unlike the researcher in “historical” 
science, the historian is not a producer of general laws but a 
consumer of them. His position vis-a-vis the sciences is essen- 
tially parasitic. The generalizations provided by anthropology, 
sociology, psychology, and other sciences are used by the 
historian in the interests of his mission of facilitating our under- 
standing of the past. 

On this analysis, the line of distinction between history and the 
“historical” sciences is not an obvious but a rather subtle matter. 
Thus both the sociologist and the historian can take interest in 
precisely the same series of phenomena, say, the assimilation of 
Greek learning into medieval Islam. And both may bring es- 
sentially the same apparatus to bear on the study of the facts. But 
for the sociologist this is a “case study” undertaken in the inter- 
ests of a general characterization of the generic process of the 
cultural transplant of knowledge The study serves solely as an 
“input," as data for a mind seeking to provide rules governing 
this range of phenomena in general. Now this line of approach will 
also interest the historian, and any general rules provided by the 
sociologist would be material that the historian will gladly put to 
use in this study of Islamic cultural history. But his interest in 
such generalisations is purety instrumental as a means for ex- 
plicating what went on in the particular case under study. Gener- 
alizations he must have, if he wishes to reveal interpretative links 
among events and to surpass mere chronology. But his aim is a 
clarification of the past per se, and his purpose is to provide an 
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understanding of the past for its own sake not merely as an 
instrument in the search for laws The difference then between 
history and the “historical” sciences resides neither in subject 
matter nor in method, but in the objectives of the research and the 
consequent perspective that is taken in looking at the past History 
does not collect facts to establish laws, rather, it seeks to exploit 
laws to explain facts In this lies part of history’s claim to 
uniqueness 

To obtain a clearer view of this essentially distinctive and char- 
acteristic relationship of fact and law in history it will be neces- 
sary to examine more closely the role played by generalizations in 
history 


3 The Rote of Generalizations in History 

The question of the role of generalizations in history bears in 
timately upon the problem or the uniqueness of historical events 
Since generalizations must in Ihe nature of things deal with 
typer or classes of events ,t follows lhat they can have pertinence 
to specific particular events only insofar as these are typical and 
classifiable i e just insofar as they are not unique Thus 
determination of the extent to which generalizations can play a 
legitimate and useful role in history olTers the best means of 
pin pointing t ose ways in which histoncal events can properly 
be said to be* unique ' 

Perhaps the most famous thesis regarding the role of generaliz- 
ation in history is the doctrine which holds that there is one 
single grand law governing the fate or nations empires civiliz- 
ations or cultures On such a view all of the really major and 
large scale transactions of history fall inevitably into one and the 
same basic pattern The principal and characteristic funclion of 
the historian is to discern and then articulate this supreme 
generalization which pervades the regularity inherent in the 
historical process a procedure familiar to readers, in the present 
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century, through the work of Spenglcr and Toynbee. On a view 
of this nature, uniqueness plays at best a very restricted role in 
history, being limited to points of detail, in virtue of the pre- 
dominant status of the basic pattern of regularity. 

In reaction against this view, various theorists have taken their 
position at the very opposite extreme, and have espoused the 
view that generalization has no place whatever in history. On this 
conception, the supreme fact of historical study is the total 
absence of generalizations from the historical domain. Pervasive 
uniqueness becomes the order of the day. The historian, it is 
argued, inevitably deals with nonrepeatable particulars. General- 
ization is not only unwarranted, it drastically impedes all under- 
standing of the data of history. Because it does away with the very 
possibility of historical explanation— for which some sort of 
generalizations would inevitably be required— this view may be 
characterized as “historical nihilism.” 

Our own view lies squarely between these two contrasting 
positions. The plain fact is that no grand generalization of the 
“pattern of history” has ever been formulated which is both (1) 
sufficiently specific to be susceptible to a critical test against the 
data and (2) sufficiently adequate to survive such a test. Thus it is 
not, in our judgment, to such a thesis that one can look for an 
acceptable account of the place of generalization in history. On 
the other hand, it is demonstrable that failure of the grand 
generalization approach to history m no way justifies ruling 
generalizations out of the historical pale. To see why this is so 
requires a closer look at the role of laws and generalizations in 
history. 

To begin with, it is clear that the historian must make use of 
the general laws of the sciences. He cannot perform his job heed- 
less of the information provided by science regarding the behav- 
ior of his human materials. The teachings of human biology, of 
medicine, or of psychology can be ignored by the historian only 
at his own peril. The facts offered by these sciences regarding 
the mortality and morbidity of men, their physical needs for 
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nourishment, sleep, and so on, their psychological make-up, 
and the like represent essentially unchanging constants in the 
functioning of the human materials with which history deals. 
Nor can the physical sciences which describe the behavior of 
man’s environment, again by means of general laws, be ignored 
by the historian. History must ever be rewritten if only because 
the progress of science leads inescapably to a deepening in our 
understanding of historical events. And because the general laws 
of the sciences deal with the fundamental constancies of nature, 
and not with idiosyncratic particulars, their role in historical 
understanding is a primary locus for nonuniqueness in history. 

Going beyond this, it is important to recognize that the general 
laws of the natural sciences do not constitute the only basis of 
generalization in history. These sciences give us the characteriza- 
tion of the physical, biological, and psychological boundary 
conditions within which man must inevitably operate. But there 
are also sets of boundary conditions that stem from man’s cultural 
rather than his physical environment. These bring to the scene 
of historical explanation the general laws of the social sciences, 
which create further conditions of nonuniqueness. 

Nor is this the whole story. We must now consider another 
mode of generalization that has pivotal importance in historical 
explanation, namely generalizations which represent not the 
strictly universal laws to which we are accustomed from the 
sciences, but limited generalizations. Such limited generalizations 
arc rooted in transitory regularities, deriving from the existence 
of temporally restricted technological or institutional patterns. 
Such technologically rooted transitory regularities illustrate how 
limited generalizations can arise in a way that makes it possible 
for them to have the feature of hypothetical force essential to 
their explanatory use. This at least exhibits the feasibility of 
’historical laws of a limited sort— operative within specific 
spatiotemporal limits 

A second major source or limited generalizations is constituted 
b) the enure sphere of institutional practices. Social customs. 
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legal and political institutions, economic organizations, and other 
institutional areas, all constitute sources of such limited generali- 
zations. Thus a limited generalization can be based, for example, 
upon the U.S. practices of holding a presidential election every 
four years and a population census every ten. Here again we have 
regularities which are limited, in temporal (and of course geo- 
graphic) scope to an era during which certain fundamental 
institutional practices are relatively constant. Such institutional 
patterns will of course be of immense value to the historian in 
providing an explanation for the relevant events. He will seek to 
discover such institutional regularities precisely because they 
afTord him the means to an explanation of occurrences. Events 
within a limited period can be understood and explained in terms 
of the limited generalizations which capture the particular in- 
stitutional structure of this era. And the existence of institu- 
tionalized patterns of regularity again makes for a limitation upon 
the extent to which “uniqueness” obtains with respect to the 
data with which the historian deals. 5 ' 

It should be noted, however, that the utilization in historical 
explanations of limited generalizations based upon reference 
to temporary technological and institutional eras does not 
provide the basis for a fundamental separation between history 
and the natural sciences. Such reliance upon transitory regularities 
does not make a place for uniqueness in history in any absolute 
sense. After all, the past stages of biologica 1 and cosmological 
evolution are also nonrepetitive. And thus the “historical” 
departments of the natural sciences must also deal with non- 
recurring eras. And in these domains, limited generalizations 
can be — and sometimes are— also formulated. But as a rule the 
scientist is concerned with such limited regularities only as a 
waystation en route to the universal laws which are the main 
focus of his interest, and therefore tends, by and large, to be 
relatively aloof to the peculiarly limited generalizations which 

5 This argument was set forth m C B Joynt and N. Rescher, M On Explana- 
tion in History," Mind, vol 68 (1959). pp 383-388. 
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also could be formulated for his domain. But the historian, whose 
interest must focus upon the understanding of particular events 
and not the formulation of universal generalizations, has a much 
larger stake in limited generalizations. 

The upshot of the present analysis of the role of generalizations 
in history can thus be summarized as follows. History must and 
does use generalizations: first as a consumer of scientific laws, 
secondly as a producer of limited generalizations formulated in 
the interests of its explanatory mission and its focus upon specific 
particulars. The use of all of these types of generalizations in 
history is indispensible for the historian’s discharge of his 
explanatory mission. Explanation demands that he be able to 
spell out the linkages between events — linkages of causation, of 
influence, and so on -and this can only be done in the light of 
connecting generalizations. To see this more clearly, and to attain 
a fuller perspective of the place of interpretation in history, we 
turn now to an analysis of what is involved in historical inter- 
pretation. 


4. The Requirements of Explanation Interpretation in History 

The considerations so far brought forward do not. it appears, 
fully meet the hard core of the claim so clearly and forcefully 
stated by Dray that “historical events and conditions are often 
unique simply in the sense of being different from others with 
which it would be natural to group them under a classification 
term ” so that the historian is “almost invariably concerned with 
[an event] as different from other members of its class.”" Thus 
the thesis claiming a characteristic role for uniqueness in history 
is based in the final analysis upon the assertion that historical 
events are "unique” in (he sense that all classifications used 
will fail at a critical juncture to illuminate adequately the event in 
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question, since the event differs in its essential characteristics 
from its associates in these classes . 7 

A history composed of strictly nonrepcatablc occurrences 
would be mere chronicle. Any efforts to establish connections 
among events and to exhibit their mutual relevance and signifi- 
cance would be excluded by a strict application of Dray’s dictum. 
But, of course, history deals not only with what has happened, 
but with the explanation of what has occurred. The moment one 
leaves the bare statement of brute fact and occurrence and turns 
to interpretation, stark and atomic uniqueness is necessarily left 
behind. The inescapable fact is that the mere record of what 
happened does not suffice to explain anything 8 Interpretation 
and explanation forces the historian to become involved in the 
problem of causation, and hence to abandon uniqueness. 

An examination of any satisfactory historical account of a 
series of events shows clearly the indispensable role played by 
categories, classifications, and generalizations (whether universal 
or limited in range) Such concepts will contribute in two main 
ways to the reconstruction of events by the historian 

In the first place, the concepts enable the historian to select 
important and relevant facts from the infinite number of facts 
which are available to him It often occurs that the body of 
pertinent fact is overwhelming in scope, and that the task of the 
historian requires judicious selection No practicing historian 
has stated this proposition with greater clanty than Lord Macaulay 
in his Essay on History. 9 

Perfectly and absolutely true it [history] cannot be for, to be 

perfectly and absolutely true it ought to record all the slightest 


7 Compare the discussion by N Rescher, * On the Probability of Non- 
Recumng Events,” appearing in H Feigl and G Maxwell (eds ), Current Issues 
m the Philosophy of Science {New York, 1961), pp 228-241 

8 Cf J H Randall Jr, Nature and Historical Experience (New York, 1958), 
pp 61-64 

9 The Works of Lord Macaulay, ed by his sister Lady Trevelyan, vol 5 
(New York. 1897), pp 129-130 



160 


Are Historical Explanations Different 9 


particulars of the slightest transactions -all the things done and 
all the words uttered during the time of which it treats. The omis- 
sion of any circumstance, however insignificant, would be a defect. 

If history were written thus, the Bodleian library would not con- 
tain the occurrences of a week. What is told in the fullest and 
most accurate annals bears an infinitely small proportion to what is 
suppressed. The difference between the copious work of Claren- 
don and the account of the civil wars in the abridgment of Gold- 
smith vanishes when compared with the immense mass of facts 
respecting which both are equally silent. No picture, then, and 
no history, can present us with the whole truth: but those are the 
best pictures and the best histories which exhibit such parts of 
the truth as most nearly produce the effect of the whole. He who 
is deficient in the art of selection may. by showing nothing but the 
truth, produce all the effect of the grossest falsehood. 

Without the guidance of generalizations and general concepts, the 
historian would be trapped and bogged down — drowned if you 
will -in the welter of concrete particulars. A general concept, 
such as that of a “General Staff*’ and its corporate role in military 
decisions, enables historians to organize their data, emphasizing 
some and putting aside a multitude of details which have little or 
no bearing upon the choices eventually made. The concept of “an 
alliance*’ in turn permits a writer to put into place a whole series 
of events directly relevant to the eventual course of events, and 
to erect a coherent structure upon it. 

Secondly, such generic concepts have particular importance 
of the explanation of the events in question. Their use essentially 
determines the meaning and significance of the account which 
finally emerges from the historian’s efforts. They are, in short, 
absolutely crucial to the attempt of the historian to interpret 
his material, to raise it above the level of narrative and chronology 
to the status of true history. By utilizing, in the example just 
cited, the concepts of alliance systems, and of the organiza- 
tional role of the military in their impact upon civilian statesmen, 
the historian can demonstrate that France believed the Triple 
Entente was necessary to her survival ns a Great Power, and that 
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Germany’s policy decisions were heavily influenced by the 
general strategy of the Schlicficn plan In this way, definite 
casual patterns are erected through the use of general concepts. 
Similarly, it can be demonstrated that the existing technology 
of the period played a vital part in the eventual decisions of the 
various powers to order general mobilization, or to issue an 
ultimatum to their opponents to cease such a procedure lest war 
follow. Here then we find limited generalizations serving to de- 
lineate the institutional boundary conditions under which men 
operated, enabling the histonan to set up a general pattern into 
which particular events can be fitted and from which certain 
definite conclusions can justifiably be derived 
There can be little doubt that the use of categories, classes, and 
generalizations are absolutely essential to, and perform a vita? 
function for, the adequate discharge of the historian's task. In- 
deed, taken together, they constitute the framework and structure 
of history, the setting in which the recital of particulars unfolds 
They constitute the hard core of explanation and interpretation 
and, by their presence and the vital nature of the role they play, 
go a very long way indeed toward qualifying the claim that 
history deals solely or even primarily with the unique features of 
particular events. 


5 History and the Problem of Prediction 

In closing, some remarks about the predictive aspect of history 
are in order. To say without qualification that history cannot pre- 
dict is plainly false Historical predictions are actually a common- 
place of modern life, and it is a matter of common knowledge 
that many important developments in human affairs can be fore- 
told with great accuracy on the basis of an historical analysis of 
past trends (e g . demographic facts regarding life expectancies, 
population densities of cities and countries, or even such cultural 
phenomena as the number of books to be published in a given 
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country in a given subject matter field) What is meant by the 
dictum that * history cannot predict ’ is that it cannot forecast 
those major critical developments on the world scene in which 
u c are most interested and in which our curiosity is the keenest 
(in part precisely because they are so difficult to foretell) The 
situation is similar in the field of medicine which can predict 
both the very near future (no change) and the very distant (we’ll 
all be dead) but usually cannot answer the really ‘interesting” 
questions about our state of health a matter of months or even 
years ahead 

Now if it be conceded that history cannot predict the future 
in the sense we have specified, wherein does the value of historical 
understanding lie 0 If history cannot predict is not its interest 
purely antiquarian because the study of historical explanation 
cannot now serve any practical need 0 

To ask the question in this way seems to me to insist upon look- 
ing right past what is the one valid pragmatic justification of 
historical studies This we maintain has nothing to do with 
knowledge about the future It is not the task of history to furnish 
some crystal ball in which the shape of things to come may be 
discerned The value of history in relation to the future lies in 
its providing not knowledge but wisdom Historical under- 
standing docs not tell us what will happen Rather, by providing 
us with a background for understanding the behavior of human 
individuals societies and institutions in their reactions to 
challenges and opportunities under the most diverse circum 
stances history places us in a better position to react with intelli- 
gence balanced perspective and good sense to whatever 
does happen no miller what this ma> be 
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The laws of economics are to be compared with the 
laws of the tides rather than with the simple and exact 
law of gravitation For the actions of men are so various 
and uncertain that the best statement of tendencies 
which we can make in a science of human conduct must 
needs be inexact and faulty This might be urged as a 
reason against making any statements at all on the sub 
ject but that would be almost to abandon life Life is 
human conduct and the thoughts and emotions that grow 
up around it By the fundamental impulses of our nature 
we all— high and low learned and unlearned— are in our 
several degrees constantly striving to understand the 
courses of human action and to shape them for our 
purposes whether selfish or unselfish whether noble or 
ignoble And since we must form to ourselves some 
notions of the tendencies of human action our choice is 
between forming those notions carelessly and forming 
them carefully The harder the task the greater the need 
for steady patient inquiry for turning to account the 
experience that has been reaped by the more advanced 
physical sciences and for framing as best we can well 
thought out estimates or provisional laws of the ten 
dencies of human action 

— Alfred Marshall Principles of Economics 1892 


•This appendix is a revised version of a paper that was written in collabora 
tion with Olaf Helmer in 1956 and which appeared under the same title as an 
article in Management Science vol 6 (1959) pp 25-52 I am grateful to Dr 
Helmer and to the editor of Management Science for permission to use this 
material here 
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1 The Mythology of Exactness 

It is a fiction of long standing that there are two classes of 
sciences, the exact and the inexact, and that the social sciences 
by and large are members of the second class — unless and until, 
like experimental psychology or some parts of economics, they 
‘ mature” to the point where admission to the first class may be 
granted 

This widely prevalent attitude seems to us fundamentally 
mistaken, for it finds a difference in principle where there is 
only one of degree and it imputes to the so called exact sciences 
a procedural rigor that is rarely present in fact For the sake of a 
fuller discussion of these points, let us clarify at the very outset 
the terms “science,” “exact science,” and “inexact science,” 
as they are intended here 

For an enterprise to be characterized as scientific it must have 
as its purpose the explanation and prediction of phenomena 
* ithin its subject matter domain and it must provide such explana 
tion and prediction in a reasoned and therefore intersubjective, 
fashion Wc speak of an "exact science” if this reasoning process 
is formalized in the sense that the terms used are exactly defined 
and reasoning takes place by formal logico mathematical deriva- 
tion of the hypothesis (the statement of the fact to be explained 
or predicted) from the evidence (the body of knowledge accepted 
by virtue of being highly confirmed by observation) That an 
exact science frequently uses mathematical notation and con- 
cerns itself with attributes that lend themselves to numerical 
measurement wc regard as incidental rather than defining charac 
tcnstics The same point applies to the precision or exactness of 
the predictions of which the science may be capable While precise 
predictions arc indeed to be preferred to vague ones, a discipline 
that pros ides predictions of a less precise character but makes 
them correctly and in a systematic and reasoned way. must be 
classified ns a science 
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In an inexact science, conversely, reasoning is informal, in 
particular, some of the terminology may, without actually imped- 
ing communication, exhibit some inherent vagueness, and reason- 
ing may at least in part rely on reference to intuitively perceived 
facts or implications. Again, an inexact science rarely uses 
mathematical notation or employs attributes capable of exact 
measurement, and as a rule does not make its predictions with 
great precision and exactitude. 

Using the terms as elucidated here— and we believe that this 
corresponds closely to accepted usage -purely descriptive sur- 
veys or summaries, such as the part of history that is mere 
chronology or, say, purely descriptive botany or geography, are 
not called “sciences.” History proper, on the other hand, which 
seeks to explain historical transactions and to establish historical 
judgments having some degree of generality, is a science; it is 
in fact largely coincident with political science, except that its 
practitioners focus their interest on the past, while the political 
scientists* main concern is the present and the future. 

As for exactness , this qualification, far from being attributable 
to all of the so-called natural sciences, applies only to a small 
section of them, in particular to certain subfields of physics, 
in some of which exactness has even been put to the ultimate test 
of formal axiomatization. In other branches of physics, such as 
parts of aerodynamics and of the physics of extreme tempera- 
tures, exact procedures are still intermingled with unformalized 
expertise. Indeed the latter becomes more dominant as we 
move away from the precise and usually highly abstract core of 
an exact discipline and toward its applications to the complexities 
of the real world. Both architecture and medicine are cases in 
point. Aside from the respective activities of building structures 
and healing people, both have a theoretical content — that is, 
they are explanatory and predictive (“This bridge will not col- 
lapse, or has not collapsed, because ” “This patient will 

exhibit, or has exhibited, such and such symptoms because . . . ). 
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They must therefore properly be called "sciences 1 but they are 
largely inexact since in actual operation they rely extensively on 
informal reasoning processes 

If m addition to these examples we remember the essentially 
intermediate status of such fields as economics and psychology, 
both of which show abundant evidence of exact derivations as 
well as reliance on intuitive judgment (exhibiting intermittent 
use of mathematical symbolism and of measurable attributes and 
an occasional ability to predict with precision) it should be ob 
vious that there is at present no clear cut dichotomy between 
exact and inexact sciences, and m particular, that inexactness 
is not an attribute of only the social sciences 

However, leaving aside their present comparative status, it 
still might be possible to hold the view that there exists an 
epistemological difference in principle between the social scien 
ccs on the one hand and the natural or physical sciences on the 
other, in the sense that the latter though not necessarily quite 
exact as yet, will gradually achieve ultimate exactness while 
the former owing to the inherent intractability of their subject 
matter and the imperfection in principle of their observational 
data must or necessity remain inexact Such a view would be 
based on a false premiss namely a wholly misguided applica- 
tion of the exactness versus inexactness distinction Indeed the 
artificial discrimination between the physical sciences with their 
(at least in principle) precise terms, exact derivations and reliable 
predictions, as opposed to the social sciences with their vague 
terms, intuitive insights, and virtual unpredictability has retarded 
\hc development of the latter immeasurably 
The reason for this defeatist point of view regarding the social 
sciences may be traceable to a basic misunderstanding of the 
nature of scientific endeavor What matters is not whether or to 
what extent inexactitudes in procedures and predictive capability 
can cNcntually be removed (with regard to predictive precision 
the soci i! sciences may perhaps always fall short of the physical 
sciences) nthcr »t is objecuut\ — that is. the intersubjcctiMty 
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of findings independent of any one person’s intuitive judgment — 
that distinguishes science from intuitive guesswork, however 
brilliant. This has nothing to do with the intuitive spark that may 
be the origin of a new discovery; pure mathematics, whose formal 
exactness is beyond question, needs that as much as any science. 
But once a new fact or a new idea has been conjectured, no matter 
on how intutivc a foundation, it must be capable of objective 
test and confirmation by anyone. And it is this crucial standard 
of scientific objectivity, rather than any purported criterion of 
exactitude, to which the social sciences conform only imperfectly. 

In rejecting precision of form or method as well as degree 
of predictability as basic discriminants between the social and 
the physical sciences, it thus remains to be seen whether there 
might not in fact be a fundamental epistemological difference 
between them with regard to their ability to live up to the same 
rigorous standard of objectivity. Our belief is that there is essen- 
tially no such difference, in other words, that the social sciences 
cannot be separated from the physical sciences on methodo- 
logical grounds. We hope to convince the reader of the validity 
of our position by offering, in what follows, at least some indica- 
tions as to how the foundations for a uniform epistemology 
of all of the inexact sciences might be laid — be they social 
sciences or “as yet” inexact physical sciences. 

2. Plan of Procedure 

Our goal is more modest than that of presenting a comprehen- 
sive epistemology of the inexact sciences. We merely wish to 
outline an epistemological attitude toward them that we would 
like to see adopted more widely. Since epistemology is concerned 
with the role of evidence in the attainment of scientific laws and 
with the scientific procedures implied by that role, we need to 
re-examine the status of such things as laws, evidence, confirma- 
tion, prediction, and explanation, with special reference to the 
case of inexact sciences. 



On the Epistemology of the Inexact Sciences 


We shall begin with a brief look at historical laws, as typical 
examples of the explanatory generalizations encountered in the 
social sciences. They will typically be found to involve escape 
clauses of the “other things being equal” kind, which makes 
them different from the neat laws of the exact physical sciences; 
and the possibility of their application despite this defect will 
have to be discussed. In this context we shall examine the role 
of laws in prediction and in explanation and try to clarify the 
similarities and differences in the structure of prediction and 
explanation. 

An analysis of this kind necessarily involves the prominent 
use of the notion of probability. In order to avoid misunderstand- 
ings, we shall sketch briefly our own views regarding this some- 
what controversial concept. We prefer to distinguish— in addition 
to familiar statistical concept of probability based on observed 
frequencies— an objective and a subjective notion of probability, 
the former called “degree of confirmation ” the latter, "personal 
probability"; the two will be seen to be linked via the concepts 
of "rational person" and "fair bets." 

Wc shall then use these considerations regarding probability 
to clarify some difficulties arising in the sue of evidence for pre- 
dictive purposes, and consider ways in which these difficulties 
may be surmounted by supplementing the objective evidence 
by judicious reliance on apparently subjective means (personal 
probabilities). This deviation from the standard procedures of 
the exact sciences will necessitate examining the possible 
justification of reliance on expert judgment and a search for 
improved and systematic methods for its use. Proposals for 
obtaining a consensus among a group of experts will be examin- 
ed. as well ns controlled opinion-feedback techniques that can 
aid their performance as a group. Wc next take up explicitly the 
question of whether, and if so to what extent, the standard pro- 
cedures of the exact sciences have to be further augmented to 
meet the needs of the inexact sciences. Here wc shall, in par- 
ticular, discuss the concept of simulation models and their 
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perhaps most important subcase, operational gaming models, 
together with the use of experts in conducting pscudo-experi- 
ments within such models. Finally, some suggestions will be 
made as to how the application of relatively unorthodox methods 
(such as the use of experts and gaming), tried successfully in 
other inexact sciences, might aid the applied social sciences, 
especially in exercising their predictive function with regard to 
decision-making processes. 


3. Historical Laws 

Let us, then, first take a brief look at historical science in order 
to obtain some illustrative examples of the form of laws in the 
social sciences and of the function they perform. A historical law 
may be regarded as a well-confirmed statement concerning the 
actions of an organized group of men under certain restrictive 
conditions (such group actions being intended to include those of 
systems composed conjointly of men and nonhuman instrumen- 
talities under their physical control). Examples of such laws 
are “A census takes place in the United States in every decade 
year”; ‘‘Heretics were persecuted in 17th-century Spain , an 
“In the sea fights of sailing vessels in the period 1653-1803, 
large formations were too cumbersome for effectual control as 
single units.” Such statements share three features of epistemo- 
logical importance and interest: they are lawful, spatio-temporal 
ly restricted, and loose. These features require elaboration. 

To consider lawfulness, let us take for example the statement 
about the cumbersomeness of large sailing fleets in sea fights. 
On first view, this statement might seem to be a mere descriptive 
list of characteristics of certain particular engagements, a 
shorthand version of a long conjunction of statements about large 
scale engagements during the century and a half from Texel 
0653) to Trafalgar (1803). This view is incorrect, however, 
because the statement in question is more than an assertion 
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regarding characteristics of certain actual engagements. Unlike 
a mere description, it can serve to explain developments in cases 
to which it makes no reference. Furthermore, the statement has 
counterfactual force. It asserts that in literally any large-scale 
fleet action fought under the conditions in question (with sailing 
vessels of certain types, having particular modes of armament 
and using contemporaneous communications methods), effectual 
control of a great battle line is hopeless. It is claimed, for example, 
that had Villeneuve issued from Cadiz some days earlier or later 
he would all the same have encountered difficulty in the manage- 
ment of the great allied battle fleet of over thirty sail of the line, 
and Nelson’s strategem of dividing his force into two virtually 
independent units acting under prearranged plans would have 
facilitated effective management equally well as at Trafalgar. 

The statement in question is thus no mere descriptive summary 
of particular events; it functions on the more general plane of 
lawful statements, specifically in that it can serve as a basis for 
explanation and that it can exert counterfactual force. To be 
sure, the individual descriptive statements that are known and 
relevant do provide a part of the appropriate evidence for the 
historical generalization. But the content of the statement it- 
self lies beyond the sphere of mere description and, in taking 
this wider role, historical laws become marked as genuinely 
lawful statements 

Nevertheless, such historical generalizations are not unrestric- 
ted or universal in the manner in which the laws of the physical 
sciences are. they are not valid for all times and places. A 
historical law is limited, cither tacitly or expressly, to applicability 
within specific geographic and temporal bounds. Usually his- 
torical laws arc formulated by explicit use of proper names: 
names of places, of groups of persons, of periods of time, of 
customs or institutions, of systems of technology, of cultures, or 
the like. The restriction of application in such cases is overt in 
the formulation of the law. Sometimes, howeser. historical laws 
arc formulated as unconditionally universal statements. But in 
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such cases the statement properly interpreted takes on a condi- 
tional form of such a kind that its applicability is de facto tightly 
restricted. If sailing ships and contemporary naval technology 
and ordnance were reinstated, the tactical principles developed 
from the time of Tromp and dc Ruyter to that of Rodney and 
Nelson would prove valid guidance. But the applicability of 
these tactical principles depends on the fulfillment of conditions 
that cannot reasonably be expected to recur. (This is not true of 
certain experimental situations in physics— such as the 
Michetson-Morley experiment— which merely are rarely re- 
peated.) Thus although explicit use of proper names might be 
avoided in the formulation of a historical law, the statement is 
restricted nonetheless by conditions effecting in an oblique 
manner the same delimitation of its applicability to specific 
geographic and temporal bounds. 

Finally, an important characteristic of historical laws lies m 
their being “loose.” It has been said already that historical laws 
are (explicitly or obliquely) conditional in their logical form. 
However, the nature of these conditions is such that they can 
often not be spelled out fully and completely. For instance, the 
statement about sailing-fleet tactics has (among others) an implicit 
or tacit condition relating to the state of naval ordnance in the 
18th century. In elaborating such conditions, the historian 
delineates what is typical of the place and period. The full 
implications of such reference may be vast and inexhaustible; 
in our example, ordnance ramifies via metalworking technology 
into metallurgy, mining, and so on. Thus the conditions that are 
operative in the formulation of a historical law may only be 
indicated in a general way and are not necessarily (indee . in 
most cases they cannot be expected to be) exhaustively articu 
lated. This characteristic of such laws is here designate as 
looseness. 

It is this looseness of its laws that typifies history as an inexact 
science in the sense in which we have used the term: in a domain 
where laws are not fully and precisely articulated there exis s 



172 


On the Epistemology of the Inexact Sciences 


a limit to exactitude in terminology and reasoning In such a 
sphere, mathematical precision must not be expected. To say 
this implies no pejorative intent whatever, for the looseness of 
historical laws is clearly recognized as being due, not to slipshod 
formulation of otherwise precise facts, but to the fundamental 
complexities inherent in the conceptual apparatus of the domain. 

A consequence of the looseness of historical laws is that they 
are not universal, but merely quasi-general, in that they admit 
exceptions. Since the conditions delimiting the area of applica- 
tion of the law are often not exhaustively articulated, a supposed 
violation of the law may be explicable by showing that a legiti- 
mate (but as yet unformulated) precondition of the law’s applic- 
ability is not fulfilled in the case under consideration. The laws 
may be taken to contain a tacit caveat of the “usually” or “other 
things being equal” type. A historical law is thus not strictly 
universal in that it must be taken as applicable to all cases falling 
within the scope of its explicitly formulated conditions; rather it 
may be thought to formulate relationships that obtain generally, 
or better, as a rule. 1 

Such a “law” we will term a quasi-law. In order fora quasi-law 
to be valid, it is not necessary that there be no apparent ex- 
ceptions; it is only necessary that if an apparent exception should 
occur, an adequate explanation be forthcoming, an explanation 
demonstrating the exceptional characteristic of the case at hand 
by establishing the violation of an appropriate (if hitherto 
unformulalcd) condition of the law’s applicability . 2 

1 Tim point has been made by various writers on historical method Charles 
Frankel for example, puts it as follows tn his lucid urlicle on “Explanation and 
Interpretation in History” “It is frequently misleading to take statements such 
as ‘Power corrupts, and absolute power corrupts absolutely.* when histon ms use 
them as attempts to give an exact statement of a universal taw.... Hul such 
remarks may be taken as statements of strategy, rules to which it is best to con* 
form in the absence of very strong counters ailing considerations ” {Philosophy of 
Science sol 24 1 1957). P 142, 

2 In his book The Analysis of A falter <1 ondon. 1927). Bertrand Russetl 
writes "Our prcscienlific general bctiefs arc hardly ever without exceptions, 
m science, a law with exceptions can only be tolerated as a m ikcshifl** <p 191 ) 
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For example, the historical law that in the pre-revolutionary 
French navy only persons of noble birth were commissioned is 
not without apparent exceptions, since in particular the regulation 
was waived in the case of the great Jean Bart, son of a humble 
fisherman, who attained great distinction in the naval service. 
We may legitimately speak here of an apparent exception, for 
instead of abandoning this universal law in view of the cited 
counterexample, it is more expedient to maintain the law but to 
interpret it as being endowed with certain tacit amendments 
which, fully spelled out, would cause the law to read somewhat 
as follows. “In the pre-revolutionary French navy, as a rule, 
only persons of noble birth were commissioned — that is, unless 
the regulation was explicitly waived or an oversight or frau ^ 
occurred or some other similarly exceptional condition obtaine 
While it may be objected that such a formulation is vague— an 
indeed it is -it cannot be said that the law is now so loose as to 
be vacuous; for the intuitive intent is clear, and its looseness is 
far from permitting the law’s retention in the face of just any coun 
terexample . 3 Specifically, if a reliable source brings to light one 
counterinstance for which there is no tenable explanation whatso 
ever to give it exempt status, a historian may still wish to retain 
the law in the definite expectation that some such explanation 
eventually will be forthcoming; but should he be confronted wit 
a succession or series of unexplained exceptions to the aw, 
he would no doubt soon feel compelled to abandon the law itse 
We thus have the indisputable fact that in a generally loose 
context, that of history being typical of the inexact sciences, 
it would be hopeless to try to erect a theoretical structure t at is 
logically, perhaps even esthetically, on a plane with our idea istic 


Rut this is true only in the physical sciences, if at all A far juster view >s tha 
enunciated in Alfred Marshall’s classic Principles of Economics 
our motto 

, 3- Michael Scnven, “Truisms as the Grounds for Historical Explanation « 

*■ Gardiner (ed ) Theories of History (New York. 1959). pp * , es •• 

of historical generalizations as having a “selective immunity to coun e 
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image of an exact theory Yet, if we consider the situation not 
from the standpoint of the wishful dreamer of neat and tidy 
theory construction, but from that of the pragmatist in pursuit 
of a better understanding of the world through reasoned methods 
of explanation and prediction, then we have good reason to take 
heart at the sight of even quasi-laws, and we should realize that 
the seemingly thin line between vagueness and vacuity is solid 
enough to permit the distinction of fact from fiction reasonably 
well in practical applications 


4 Quasi Laws in the Physical Sciences 

We have chosen to illustrate the nature of limited generaliza- 
tions (quasi-laws) by means of the graphic example of historical 
laws Use of this example from a social science context must not, 
however, be construed as implying that quasi-laws do not occur 
in the natural indeed even in the physical, sciences In many 
parts of modern physics, formalized theories based wholly on 
universal principles are (at least presently) unavailable, and use 
of limited generalizations is commonplace, particularly in applied 
physics and engineering 

Writers on the methodology of the physical sciences often 
bear in mind a somewhat antiquated and much idealized image of 
physics as a very complete and thoroughly exact discipline in 
which it is never necessary to rely on limited generalizations or 
expert opinion But physical science today is very far from meet- 
ing this ideal Indeed the laws of some branches of the social 
sciences arc no less general than those of various branches of 
physics such as the theory of turbulence phenomena, high- 
\clocit> aerodynamics or extreme temperatures Throughout 
applied physics in particular, when uc move (say, in engineering 
applications) from the realm of idealized abstraction ( ‘ideal" 
gases ’ homogeneous" media) to the complexities of the real 
world reliance on generalizations that are. in effect, quasi-laws 
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becomes pronounced. (Engineering practice in genera is ase 
on “rules of thumb” to an extent undreamed of in curren 
theories of scientific method.) 

Thus no warrant whatever exists for using the presence ot 
quasi-laws in the social sciences as validating a metho o ogica 
separation between them and the physical sciences. A rea is ic 
assessment of physical-science methods shows that quasi aws 
are operative here too. and importantly so. 

With this in mind, let us now turn to a closer examination o 
the role played by laws -or quasi-laws -in explanation an 
prediction. 


5. Explanation and Prediction 

A somewhat simplified characterization of scientific ex P*‘j na 
tion— but one that nonetheless has a wide range of apphca 1 1 y, 
particularly in the physical sciences — is that explanation consis s 
in the logical derivation of the statement to be explained from 
a complex of factual statements and well-established genera 
laws. One would, for example, explain the freezing of a lake y 
adducing (1) the fact that the temperature fell below 32°F and 
(2) the law that water freezes at 32°F. These statements, ta 'en 
together, yield the statement to be explained deductively. 

This deductive model of explanation, although adequate or 
many important types of explanations encountered in t e 
sciences, cannot without serious emendation be accepted as 
applying to all explanations. For one thing there arc pro a 
bilistic explanations, which can be based on statistical (rat cr 
than strictly universal) laws. (“1 did not win the Irish Sweep- 
stakes because the chances were overwhelmingly against my 
doing so.*’) And then there arc the quasi-laws occurring in t ic 

■* I or a full dtxctmion of ihU muter, ice C. Ci. Ilempcl and P. Oppcnticim. 
"Studio In the logic of !' xplan.it ion.” Philosophy of Science, vo . 
rr t35-i75 
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inexact sciences that because of their escape clauses cannot 
serve as the basis of strict derivation and yet can carry explana- 
tory force For example the quasi-law cited earlier surely 
explains— in the accepted sense of the word— why the French 
fleet that supported Washington’s Yorktown campaign was 
commanded by a nobleman (namely, the Comte de Grasse) 

The uncertainty of conclusions based on quasi laws is not due 
to the same reason as that of conclusions based on statistical 
laws A statistical law asserts the presence of a characteristic 
in a certain (presumably high) percentage of cases, a quasi law 
asserts it in all cases for which an exceptional status (in an 
ill defined but clearly understood sense) cannot be claimed We 
note for the moment, however, that the schema of explanation 
when either type of nonuniversal law is involved in the same, 
and in fact identical with what it would be were the law universal, 
and an explanation is regarded as satisfactory if, while short of 
logically entailing the hypothesis, it succeeds in making the 
statement to be explained highly credible in the sense of pro- 
viding convincing evidence for it We shall presently return to 
a discussion of the concept of evidence 
With regard to prediction as opposed to explanation analjscs 
of scientific reasoning often emphasize the similarities between 
the two, holding that they arc identical from a logical standpoint, 
inasmuch as each is an instance of the use of evidence to establish 
a hypothesis and the major point of difference between them is 
held to be that the hypothesis of a prediction or of an explanation 
concerns respectively the future or the past This view however, 
does not do justice to several differences between prediction and 
explanation that are of particular importance 
First of all there arc such things as unreasoned predictions — 
predictions made without any articulation of justifying argument 
The validation of such predictions lies not in their being support- 
ed by plausible arguments, but m i>. for example, reside in prov- 
ing sound ex post facto through a record of successes on the part 
of the predictor or predicting mechanism 
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It is clear that such predictions have no analogue in explana- 
tions only reasoned predictions, based on the application of 
established theoretical principles, are akin to explanations 
However, even here there is an important point of difference 
An explanation should ideally establish Us conclusion, show- 
ing that there is a strong warrant why the fact to be explained — 
rather than some possible alternate c— obtains On the other 
hand the conclusion of a (reasoned) prediction need not be well 
established in this sense it sufliccs that it be rendered more 
tenable than comparable alternatives Here then is an important 
distinction m logical strength between explanations and predic- 
tions A satisfactory explanation though it need not logically 
rule out alternatives altogether should as a minimum establish 
its hypothesis as more credible than its negation Of a prediction 
on the other hand we need to require only that it establish its 
hypothesis as more credible than an\ comparable alternative 
Of course predictions may as in astronomy be as firmly based 
m fact and as tightly articulated in reasoning as any explanation 
But this is not a general requirement to which predictions must 
conform A doctor s prognosis for example does not have 
astronomical certitude yet practical considerations render it 
immensely useful as a guide in our conduct because it is far 
superior to reliance on guess work or on pure chance alone as 
a basis for decision making 5 

Generally speaking in any field in which our ability to forecast 


Ex ^1 contrast between prediction and explanation see further I Schefiler 

of «j P anatlon Prediction and Abstraction British Journal for the Philosophy 
Exnh enCe Vo1 7 (1957) PP 293-309 and N Rescher On Prediction and 
281 r° n Journal for the Philosophy of Science vol 8 (1958) pp 

_ ar ^ "The (somewhat oversimplified) position we have assumed in these 
ParuT h C3n ^ put more sharply— in terms of the distinctions developed in 
Probah l VC ~ aS follows that ,n the context of the inexact sciences a very weak 
dictiv * 3aS,s ^ t *' e p “- type) might well be regarded as adequate for pre 

basis { certain b not for explanatory purposes whereas a strong probabilistic 
a dcquac 1 6 ^P e ^ ,s at the very least requisite to an achievement of scientific 
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with precision is very limited, our actions of necessity are guided 
by only slight differences in the probability that we attach to 
possible future alternative states of the world, consequently 
we must base predictions on far weaker evidence than satis- 
factory explanations This is especially true of a science such as 
history, or rather its predictive counterpart— political science 
Here, in the absence of powerful theoretic delimitations that 
narrow down the immense variety of future possibilities to some 
manageable handful, the a priori likelihood of any particular 
state of affairs is insignificant, and we can thus tolerate consider- 
able weakness in our predictive tools without rendering them 
useless Consider, for example, the quasi-law that ma US 
off-year election the opposition party is likely to gain. This is 
certainly not a general law nor is it a mere summary of observed 
statistics It has implicit qualifications of the “other things being 
equal type, but it does claim to characterize the course of events 
as a rule and it generates an expectation of the explainability 
of deviations On this basis, a historical (or political) law of this 
kind can provide a valid, though limited, foundation for sound 
predictions 

The epistemological asymmetry between explanation and 
prediction has not it would seem been adequately recognized 
and taken into account in discussions of scientific method 
For one thing such recognition would lead to a better under- 
standing of the promise of possibly unorthodox items of methodo- 
logical equipment, such as quasi laws, for the purposes of pre- 
diction in the inexact sciences But more generally it would open 
the way to explicit consideration of a specific methodology 
of prediction— a matter that seems to have been neglected to date 
by the philosophers of science As long as one believes that 
explanation and prediction are strict methodological counter- 
parts it is reasonable to press further w'lth solely the explanatory 
problems of a discipline in the expectation that only the tools 
thus forged will then be usable for predictive purposes But 
once this belief is rejected, the problem of a specifically prcdic- 
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tive method arises, and it becomes pertinent to investigate the 
possibilities of predictive procedures autonomous of those used 
for explanation. 

Before discussing such possibiitics in greater detail, it is 
imperative, to avoid various misunderstandings, that we clarify 
briefly the meaning of probability and of some associated 

concepts. 


6 Probability 

From the viewpoint of the philosophy of science, the theory of 
probability occupies a peculiar position. To the extent that it 
deals with relations among propositions it is part of semantics 
and thus of pure logic. To the extent that it deals with credibility, 
rational beliefs, and personal expectations, it is part of empirical 
pragmatics and thus a social science. (The view, not held by us, 
that probability theory properly belongs entirely in the second 
held rather than the first is sometimes referred to ns psychologism. 6 ) 
Even for the logical part of the theory, the foundations are not 
yet established very firmly, and only in applications to the very 
simplest forms of idealized languages has real progress been 
made to date . 7 For this reason, some vagueness must still be 
accepted even in discussing the purely logical aspects of prob- 
a i ity that is, unless we are content to confine ourselves to the 
simplest case just mentioned, which we are not because the lin- 
guistic demands of the inexact sciences transcend these limits of 
simplicity even more frequently than do those ofthe exact sciences. 

1 is convenient to distinguish three probability concepts, 
a mely, relative frequency, degree of confirmation, and personal 

b<x>Vl ‘” c,s,ve entique of psychologism is given in Chap 2 of R Carnap’s 
■j £' Ca ‘ Foundations of Probability (Chicago. 1950, second ed , 1960) 

Probah / CC a ^ am ^ Carnap’s massive study of the Logical Foundations of 
partiri, i and vanous studies cited by him in the extensive bibliography, in 

ar those of Helmer. Hempel and Oppenheim 
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(or subjective) probability. Of these, the first is an objective, 
empirically ascertainable property of classes of physical objects 
or physical events; the second is also purely objective, namely, a 
logical relation between sentences; the third is a measure of a 
person’s confidence that some given statement is true and is 
thus an essentially subjective matter. Let us briefly consider each 
of these three probability concepts 

Relative Frequency Relative frequency requires the state- 
ment of a reference class (of objects or events), also called the 
“population.” If the class is finite, the relative frequency is simply 
the ratio of the number of elements having some property or 
trait, divided by the total number of elements in the class. Thus 
we speak of the relative frequency of males in the present U.S. 
population, or of rainy days in Los Angeles in the first half of 
this century . 8 Sometimes the notion of relative frequency is 
extended to classes of either indefinite or infinite size. Forexample, 
we may speak of the relative frequency of male births in the United 
States over an extended period, without precisely specifying 
that period, or we may speak of the relative frequency “in the long 
run of heads” in tosses with a particular coin, where the 
sequence of tosses is of indefinite length and may even be ideali- 
zed into an infinite sequence (in which case the "relative 
frequency is the limit of the relative frequencies of the finite 
subsequences). In a situation like this, it is even customary to 
ascribe this probability, that is, the relative frequency of “heads” 
in the long run, as a property of the coin itself (in particular, a 
fair coin is one for which this probability is one half). But it 
is best to interpret such a statement merely as a paraphrase for the 
longer statement that in a long sequence of possible tosses with 
this coin (but not so long as to alter the physical characteristics 
of the coin) the relative frequency of “heads” will be one half. 

8 tt •' *» technical refinement into which uc need m>t enter here thit tn 
application* it i« common lo u*c. instead of the relative frequency proper, some 
stativlicat ettimatc thereof 
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Degree of Confirmation The degree of confirmation is a 
logical relation between two sentences, the hypothesis H and the 
evidence E. The degree of confirmation of H on the basis of E is 
intended to be a measure of the credibility rationally imparted to 
the truth of H by the assumed truth of E. Precise definitions have 
thus far been suggested only for the one-place predicate calculus. 
In the simplest case, where E has the form of a statistical record 
of n observations, to the effect that exactly m out of n objects 
examined had a property P, and where the hypothesis H ascribes 
this property P to an as yet unexamined object, the degree of 
confirmation of H on the basis of E, or dc(H,E), is defined to be 
either the observed relative frequency min, or else a quantity 
very close to it (and having the same limit as n becomes large), 
which may differ somewhat from min because of technical re- 
quirements of elegance of the formalism. It is irrelevant for our 
present purposes which particular definition we adopt, but to ix 
the idea let us assume simply that in the above case dc(H,E) — 
min. 

If E does not have the simple form of a statistic or // does not 
just affirm another like instance, then some plausible extension 
of the definition of “<fc” is required; this may lead to cases where 
no single number can reasonably be specified but where the evi 
dence merely warrants a narrowing down of the probability o 
to several possible numbers or an interval of numbers. For 
instance, if H is the hypothesis that a certain Irish plumber will 
vote Democratic in the next presidential election, and evidence 
E amounts solely to saying that 70 per cent of the Irish vote 
Democratic and 20 per cent of the plumbers do, then all that can 
reasonably be asserted is that the required probability lies some- 
where between .2 and .7. 

Ambiguities of this kind can, of course, be removed b> iat 
(and in Tact this has been the path followed in the formalisms 
proposed to date by Carnap). That is to say, one can transfer the 
ambiguity from the object language to the metalanguage, y 
Mating the matter as follows. There arc several ways in which 
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—//, he would have no preference as to which side to take in a 
1 :2 bet on //:—//. Generalizing this idea, we shall say that the 
person attaches the personal probability p to the hypothesis H 
if he isfound to be indifferent between the choice of receiving, say, 
one dollar if H turns out to be true or receiving pl( 1 ~p) dollars 
if H turns out to be false (his “personal expectation” in either 
case being p dollars). 10 

We shall call a person “rational” if (1) his preferences (especially 
with regard to betting options) are mutually consistent or at least, 
when inconsistencies are brought to his attention, he is willing 
to correct them; (2) his personal probabilities are reasonably 
stable over time, provided he receives no new relevant evidence; 
(3) his personal probabilities are affected (in the right direction) 
by new relevant evidence; and (4) in simple cases where the evi- 
dence E at his disposal is known, and E and H are such that dc 
(H,E) is defined, his personal probability regarding H is in reas- 
onable agreement with the latter; in particular, he is indifferent as 
to which side to take in a bet that to his knowledge is a “fair” bet 

A (predictive) “expert” in some subject matter is a person who 
is rational in the sense discussed, who has a large background 
knowledge E in that field, and whose predictions (actual or im- 
plicit in his personal probabilities) with regard to hypotheses H 
in that field show a good record of comparative success in the long 
run. This is very much a relative concept, as it depends on the 
predictive performance of which the average nonexpert in the 
field would be capable. (In a temperate climate, a lay predictor 
can establish an excellent record by always forecasting good 
weather, but this would not support a claim to meteorological 
expertise.) Below we will give more detailed attention to predictive 
expertise. 

10 There arc certain w ell know n difficulties connected w ith this bcha\ lonstic 
approach, which wc will ignore here Wc will merely mention that in experimental 
situations designed to elicit personal probabilities. care must be taken that the 
stakes involved are in a range where the utility of mone> is effectively linear and 
the utility (or disutility) of gambling is negligible 
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d c * can be defined, but under each particular definition the de- 
gree of confirmation is a single valued function 
No matter which of these alternatives is chosen, the situation 
can still be resolved, as long as we are dealing with one-place 
predicates only When we move into a subject matter where 
adequate discourse requires multiplace predicates of several 
logical levels, no formal proposals for an extended definition of 
“dc" are as yet available, and we have to rely largely on trained 
intuition as to how a numerical measure of the “credibility ration 
ally imparted to H by E" should be estimated in specific cases 
Since it is not at present our purpose to deal at length with 
the foundations of probability theory, while on the other hand the 
use of some notion of degree of confirmation in the vague sense 
introduced here seems to us unavoidable, we shall largely have to 
ignore the technical problems pointed out above For practical 
purposes this does not mean that we shall maintain the fiction of 
there being a well defined formula available that permits computa- 
tion of dc(H,E) for all H andE Rather we shall assume, in specific 
cases arising in situations of interest, that reasonable and know- 
ledgeable persons, when confronted with the question of as- 
certaining a value of dc{H,E), will find this definitely, if vaguely, 
meaningful and will arrive at estimates of the value that will not 
be too widely disparate This leads us to the next probabilistic 
concept that must be discussed 

Personal Probabdity Personal, or subjective, probability is 
a measure of a person’s confidence in, or subjective conviction of, 
the truth of some hypothesis According toSavage, 8 it is measured 
bchavionstically in terms of the person’s betting behavior If a 
person thinks that // is just about as likely as its negation ~//, 
then, if he were placed in a situation where he had to make an 
even bet on cither // or —II, he would presumably be indifferent 
to this choice Similarly, if he thought // to be twice as likely as 


9 L.J Savage Thet oundations of Statistics IHc* York 1952) 
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Consider the case of Smith, who has been riding the bus 
to work for a year for a fare of 10 cents. One morning he is 
required to pay 15 cents. Smith may wonder if his return fare 
that evening will be 10 cents; but it is highly unlikely, despite 
the great preponderance of 10-cent rides in Smith s sample. 
For Smith well knows that public transportation fares do change, 
and not by whim but by adoption of a new fare structure. In the 
light of this item of background information , it is unreasonable 
for Smith to base his personal probability directly on the cumula- 
tive record of past instances. 

This illustrates the need for the use of background knowledge 
as indirect evidence, in the sense of furnishing other than direct- 
instance confirmation. This need is encountered constantly in the 
use of evidence, and it constitutes one of the prime obstacles to a 
more sophisticated definition of degree of confirmation than has 
hitherto been achieved. Consider another example. Will my new 
neighbor move away again within 5 years? He is a carpenter (the 
average carpenter moves once every 10 years) and a bachelor 
(the average bachelor moves once every 3 years). I can assess 
the likelihood of my neighbor’s moving within the next 5 years 
relative to either the reference class of carpenters or that of 
bachelors. Which one I should choose, or what weight I should 
give to each, must depend strongly on my background infor- 
mation as to the relative relevance of occupation versus marital 

status as a determining factor in changes of domicile. 

Such reference-class problems arise even with statistical infor- 
mation of the simplest kind. Consider a sample of 100 objects 
drawn at random from a population, with the following outcome 
as regards possession of the properties P and Q : 



has Q 

has not-0 

has P 

1 

9 

has not-P 

89 

1 


Given this information, what is the probability that another 
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With regard to the relationship between degree of confirmation 
and personal probability, it may be said that dc(H , E) is intended 
to be a conceptual reconstruction of the personal probability 
that an entirely rational person would assign to H, given that his 
entire relevant information is E. In practice this relation can be 
applied in both directions: In simple cases where we have a 
generally acceptable definition of ,l dc" we may judge a person’s 
rationality by the conformity of his personal probabilities— or 
of his betting behavior— with computable (or, if his information E 
is uncertain, estimable) dc values. Conversely, once a person has 
been established as rational and possibly even as an expert in a 
field, we may use his personal probabilities as estimates, on our 
part, of the degrees of confirmation that should be assigned to 
given hypotheses. 

We shall make use of these probability concepts presently, 
primarily in connection with the use of expert judgment for the 
predictive purposes. But we must first consider the use of evidence 
in prediction, beginning with some examples to illustrate the 
problems arising in the predictive use of probabilistic evidence. 


7 Some Examples of the Use of Evidence in Prediction 

The simplest use of evidence occurs when there is a direct 
reference to prior instances. Will my car start on this cold morn- 
ing? Its record of successful starts on previous cold mornings is 
about 50 per cent. I would be unduly hopeful or pessimistic in 
assigning as personal probability of its starting today a number 
significantly different from one half. This use of a record of past 
instances as a basis for probability assignments with regard to 
future events is a common, and generally justified, inductive 
procedure (and of course is the basis on which a definition of 
degree of confirmation is constructed). However, under some 
circumstances it is a very poor way indeed of marshaling evi- 
dence. 
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matters less than knowledge of regularities in the behavior of 
people or in the character of institutions, such as traditions and 
customary practices, fashions and mores, national attitudes and 
climates of opinion, institutional rules and regulations, group 
aspirations, and so on. For instance, in assessing the chances of 
a Republican presidential victory in 1980. a knowledge of the 
record of past election successes matters less than an insight into 
current trends and tendencies; or in answering a question as to the 
likelihood, say, of U.S. recognition of Communist China by 1979, 
it is hard to point to any relevant statistical evidence, yet there 
exists a mass of relatively undigested but highly relevant back- 
ground information. 

This nonexplicitness of background knowledge, which none- 
theless may be significant or even predominantly important, is 
typical of the inexact sciences, as is the uncertainty as to the 
evidential weight to be accorded various pieces of prima facie 
information in view of indirect evidence provided by underlying 
regularities. Hence the great importance that must be attached to 
experts and to expertise in these fields. For the expert has at his 
ready disposal a large store of (mostly inarticulated) background 
knowledge and a refined sensitivity to its relevance, through the 
the intuitive application of which he is often able to produce 
trustworthy personal probabilities regarding hypotheses in his 
area of expertness. 

The important place of expert judgment for predictions in the 
inexact sciences is further indicated by the prominence of quasi- 
laws among the explanatory instrumentalities of this domain. 
Since the conditions of applicability of such generalizations 
are neither fully nor even explicitly formulable, their use in 
specific circumstances presupposes the exercise of sound judg- 
ment as to their applicability to the case at hand. The informed 
expert, with his resources of background knowledge and his 
cultivated sense of the relevance and bearing of generalities in 
particular cases, is best able to carry out the application of 
quasi-laws necessary for reasoned prediction in this field. 
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object drawn from the population, which is known to have the 
property P> will also have the property 0? Should we use a value 
around .1 (since only 1 of 10 observed P’s is a 0) or a value 
around .9 (since altogether 90 per cent of the observed sample 
has the property 0)? Here again, an expedient use of the statistical 
evidence before us must rely on background information, if any, 
regarding the relevance of P-ness to Q-ness. If we know that 
most Texans are rich and most barbers poor, and are given as the 
only specific item of information about a man by the name of 
Jones that he is a Texan barber, we would do well to assign a low 
probability to the statement that Jones is rich, precisely because 
occupation is known to us to be more relevant to financial status 
than is location. 


8. The Role of Expertise in Prediction 

The implication of the examples we have been discussing is 
that a knowledge about past instances or about statistical 
samples, while indeed providing valuable information, is not the 
sole and sometimes not even the main form of evidence in support 
of rational assignments of probability values In fact the evidential 
use of such pntna facie evidence must be tempered by reference 
to background information, which frequently may be intuitive 
in character and have the form of a vague recognition of under- 
lying regularities, such as analogies, correlations, or other con- 
formities, the forma! rendering of which would require the use 
of predicates of a logical level higher than the first. 

The consideration of such underlying regularities is of special 
importance for the inexact sciences, particularly (but not ex- 
clusively) the social sciences, 1 * because in this sphere we arc 
constantly faced with situations in which statistical information 

It Use of background information to temper the application of statistical 
mformnion is just as operatise in the ph> steal sciences — in engineering for 
example, therefore, no difference in principle is msolsed here 
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personal probability p”). To date, there is no hint of any sugges- 
tion as to how %% dc(H,X)" might be formally defined when X 
contains incompletely formulated matter. 

Faced with this situation, which is surely not likely to be re- 
solved in the near future, we must either for the present renounce 
all claims to systematized prediction in the inexact sciences, or, as 
indicated earlier, turn to unorthodox methods that are based on 
judicious and systematic reliance on expert judgment. One such 
course, to which we previously alluded, may possibly help us out 
of the present perplexity. Let A be an expert and K{A) his 
relevant background knowledge. Then A ' s personal proba- 
bility. pp A (H.E). may be taken as an estimate on our part of 
dChu)(H*E). Thus the device of using the personal probabilities 
of experts, extracted by appropriately devised techniques of 
interrogation, can serve as a means for measuring quantities of 
the dc type even in cases where there is no hope of applying the 
formal degree-of-confirmation concepts. 

It might seem that in resorting to this device we conjure up a 
host of new problems, because — to all appearances — we are 
throwing objectivity to the winds. Of course, since we insist on 
remaining within our own definition of scientific activity, we do 
not propose to forego objectivity. However, before attempting 
to analyze the possibility of salvaging objectivity in this situation, 
it may be well to look at a few examples illustrating the application 
of expertise in the sense just described. 

1 0 The Intrinsic Use of Experts for Prediction 

A source of characteristic examples of the predictive use of 
expert judgment is provided by the field of diagnostics, especially 
medical diagnostics. 12 A patient, let us assume, exhibits a pattern 
of symptoms such that it is virtually certain that he has either 
ailment A or ailment B. with respective probabilities of .4 and 
12 An extensive and useful discussion of medical prediction is contained in 
P E Meehl*s book on Clinical vs Statistical Prediction (Minneapolis, 1954) 
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9 The Problem of the Predictive Use of Evidence in an Inexact 
Context 

In summary, the foregoing illustrations of the predictive use of 
evidence may be said to indicate that we are frequently confronted 
with what must be considered as a problematical, and far from 
ideal, epistemological situation The examples we have been 
considering show that in assessing the probability of a hypothesis 
//—typically a description of some future event — we are in many 
instances required to rely not merely on some specific and explicit 
evidence E, but also on a vast body of potentially relevant 
background knowledge K, which is in general not only vague in 
its extent (and therefore indefinite in content) but also deficient 
in explicit articulation In many practical applications, particularly 
m the inexact sciences, not even that part of K that is suitably 
relevant to H can be assumed to be explicitly articulated, or even 
articulable One is unable to set down in sentential form every- 
thing that would have to be included in a full characterization of 
one s knowledge about a familiar room, and the same applies 
equally, if not more so, to a political expert’s attempt to state all 
he knows that might be relevant to a question such as that of U S 
recognition of Communist China 
These considerations point up a deficiency for present purposes 
in the usual degree of confirmation concept quite apart from those 
already mentioned For such an indefinite K, we cannot expect 
dc{II E &. K) to be determinable or even defined This suggests, 
as a first step the desirability of introducing a concept dc K (H E) 
the “degree of confirmation of H on E in view of K " -which is 
defined to be equal to tlc(H.E&.K) whenever it is possible to 
articulate K fully within the same language in which // and E arc 
stated But how is such a quantity to be determined when fC is 
not fully formulated** Furthermore, in addition to the difficulty 
involved in formulating it completely, K almost mvanablj 
contains probability statements (both of an objective, or dc, 
t>pc, and of the indirect form “So and so attaches to // the 
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perhaps even its reception by preview audiences, may suggest 
a probability distribution for its demand. However, the major 
studios involved in motion-picture production are not content 
to rely on these explicit indicators alone. They are aware of the 
potential influence of a host of subtle intangibles such as so-called 
audience appeal, of the dependence on competitive offerings, and 
of other factors that are difficult to predict such as timeliness with 
reference to current events — all of which are susceptible of 
explicit statistical treatment only with the greatest difficulty, if at 
all. Therefore they prudently rely on the forecasts of professional 
experts in the field, who have exhibited a demonstrated ability 
to supplement the various explicit elements by appropriate use 
of their capacities for an intuitive appraisal of the many intangible 
factors that critically affect the final outcome. 

Other examples drawn from the applied sciences, engineering, 
industry, politics will easily suggest themselves. What they have 
in common is the reliance, in part or wholly, on an expert, who 
here functions in an intrinsic rather than an extrinsic role. By 
extrinsic expertise we mean the kind of inventiveness, based on 
factual knowledge and the perception of previously unnoticed 
relationships, that goes into the hypothesizing of new laws 
and the construction of new theories; it is, in other words, the 
successful activity of the scientist qua scientist. Intrinsic exper- 
tise, by contrast, is not invoked until after a hypothesis has been 
formulated and its probability, in the sense of degree of confirma- 
tion, is to be estimated. The expert, when performing intrinsically, 
thus functions within a theory rather than on the theory-construct- 
ing level. 


1 1 . The Role of Prediction as an Aid to Decision-Making 

The decisions that professional decision-makers— govern- 
mental administrators, company presidents, military com- 
manders, and so on — arc called on to make inevitably turn on 
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6 where these probabilities derive from the statistical record 
of past cases Thus the entire body of explicit symptomatic 
evidence is (by hypothesis) such as to indicate a margin in favor 
of the prediction that the patient suffers from disease B rather 
than A and thus may respond positively to a corresponding 
course of treatment But it is quite possible that an examining 
physician, taking into consideration not only the explicit indicators 
that constitute the symptoms (temperature and blood pressure, 
for example) but also an entire host of otherwise inarticulated 
background knowledge with regard to this particular patient 
(such as the circumstances of the case) may arrive at a diagnosis 
of disease A rather than B Thus the use of background informa 
tion, in a way that is not systematized but depends entirely on the 
exercise of informal expert judgment, may appropriately lead 
to predictive conclusions in the face of pnma facie evidence that 
points in the opposite direction 

Quite similar in its conceptual structure to the foregoing medi 
cal example are various other cases of predictive expertise in the 
economic sphere The advice of an expert investment counselor, 
for example, may exhibit essentially the same subtle employment 
of nonarticulate background knowledge that characterized the 
prediction of the diagnostician 


Again, in such essentially sociological predictions of public 
reactions as are involved in the advertising and marketing of 
commercial products, the same predictive role of expert judgment 
comes into play When the production of a motion picture is com 
pleted, a decision must be made regarding the number of prints 
to be made There are economic reasons for an accurate predic- 
tion of the need if too few prints are ready to meet the immediate 
demand, film rental income will be lost, on the other hand, the 
prints arc costly, and an oversupply leads to considerable excess 
expenditure Here again, as in the medical or economic examples, 
certain limited predictions can be based wholly on the record of 
past statistics in analogous instances The presence of certain 
actors in the cast, the topic, the theme and setting of the film. 
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visers to decision-makers is m functioning as “predictors,” we 
by no means intend to suggest that they act as fortunetellers, 
trying to foresee specific occurrences for which the limited 
intellectual vision of the nonexpert is insufficient For the 
decision supporting uses of predictive expertise, there is in general 
no necessity for an anticipation of particular future occurrences 
It suffices that the expert be able to sketch out adequately the 
general directions of future developments, to anticipate— as we 
have already suggested— some of the major critical junctures 
(“branch points”) on which the course of these developments will 
hinge, and to make contingency predictions with regard to the 
alternatives associated with them 
Whereas the value of scientific prediction for sound decision 
making is beyond question, it can hardly be claimed that the in- 
exact sciences have the situation regarding the use of predictive 
expertise well in hand Quite to the contrary, available evidence 
suggests that significant improvements are possible in the predic- 
tive instruments available to the decision maker These improve- 
ments are contingent on the development of methods for the more 
effective predictive use of expert judgment In our final sections 
we shall give consideration to some of the problems involved 
in this highly important but hitherto largely unexplored area 

1 2 Justification of the Intrinsic Use of Expertise 

Let us return to the problem of preserving objectivity in the 
face of reliance on expertise Can we accept the use of intrinsic 
expert judgment within the framework of an inductive procedure 
without laying ourselves open to the charge of abandoning 
objective scientific methods and substituting rank subjectivity 9 

To sec that explicit use of expert judgment is not incompatible 
uith scientific objectivity, let us look once more at the mcdical- 
diagnosis example of the preceding section Consider the 
situation in which a diagnostician has advised that a patient 
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the question of future developments since their directives as 
to present actions are invariably conceived with a view to future 
results Thus a reliance on predictive ability is nowhere more 
overt and more pronounced than in the area of policy formation 
and decision making in general 

For this reason decision makers surround themselves with 
staffs of expert advisers whose special knowledge and expertise 
must generally cover a wide field Some advising experts may 
have a great store of factual knowledge and can thus serve as 
walking reference books Others may excel through their 
diagnostic or otherwise predictive abilities Still others such as 
operations analysts and management consultants may have a 
special analytical capacity to recognize the structure of the 
problems at hand thus aiding in the proper use of the contnbu 
tions of the other two types of experts The availability of such 
special expertise constitutes for the decision maker a promise of 
increased predictive ability essential to the more effective dis 
charge of his own responsibilities and the ultimate function of 
expert advice is almost always to make a predictive contribution 
While the dependence of the decision makers on expert advisers 
is particularly pronounced in social science contexts -in the 
0r T/ at,on econ °niic and political policies for example- 
such dependence on expertise ought by no means to be taken to 
contra istinguish the social from the physical sciences In certain 
engineering applications particularly of relatively underdeveloped 
ranc cs of physics (such as the applied physics of extremes of 
emperature or velocity) the reliance on know how and expert 
ju gment is just as pronounced as it is m the applications of 
po itica science to foriegn policy formation The use of experts for 
pre iction docs not constitute a line of demarcation between the 
socn in the physical sciences but rather between the exact and 
t e inexact sciences And as we have alrc idy said cert un are is 
of ipp led physics arc in the present st itc of our knowledge just 
as inex ict is much of the social sciences if indeed not more so 
Although wc have held that the primary service of expert ad 
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supplemented by information regarding the performance of 
experts. 

In this manner the incorporation of expert judgment into the 
structure of our investigation is made subject to the same safe- 
guards that are used to assure objectivity in other scientific 
investigations. The use of expertise is therefore no retreat from 
objectivity or reversion to an idiosyncratic reliance on subjective 
taste. 

1 3. Criteria for the Selection of Predictive Experts 

The first and most obvious criterion of expertise is of course 
knowledge. We resort to an “expert” precisely because we 
expect his information and the body of experience at his disposal 
to constitute an assurance that he will be able to select the needed 
items of background information, determine the character and 
extent of their relevance, and apply these insights to the formula- 
tion of the required personal probability judgments. 

However, the expert’s knowledge is not enough; he must be 
able to bring it to bear effectively on the predictive problem at 
hand, and this not every expert is able to do. It becomes necessary 
also to place some check on his predictive efficacy and to take a 
critical look at his past record of predictive performance. 

The simplest way to score an expert’s performance is in terms 
of “reliability”: his degree of reliability is the relative frequency 
of cases in which, when confronted with several alternative 
hypotheses, he ascribed to the eventually correct alternative 
among them a greater personal probability than to the others. 

This measure, though useful, must yet be taken with a grain of 
salt, for there are circumstances in which even a layman’s degree 
of reliability, as defined above, can be very close to 1 . For instance, 
in a region of very constant weather, a layman can prognosticate 
the weather quite successfully by always predicting the same 
weather for the next day as for the current one. Similarly, a 
quack who hands out bread pills and reassures his patients of 
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be treated for ailment A (involving, say, a major surgical opera- 
tion) rather than B (which might merely call for a special diet) 
Our willingness, in this case, to put our trust in the expert’s 
judgment surely would not be condemned as an overly subjective 
attitude. The reasons why our reliance on the expert is objec- 
tively justified are not difficult to see. For one thing, the selection 
of appropriate experts is not a matter of mere personal preference 
but is a procedure governed by objective criteria (about which 
more will be said in the ensuing section). But most importantly, 
the past diagnostic performance record makes the diagnostician 
an objectively reliable indicator (of diseases), in the same sense 
that one of any two highly correlated physical characteristics 
is an indicator of the other. (“If most hot pieces of iron are red, 
and vice versa, and if this piece of iron is red, then this piece is 
probably hot.’’) 

Even if the expert s explicit record of past performance is 
unknown, reliance on his predictions may be objectively justified 
on t e asis of general background knowledge concerning his 
credentials as an expert. The objective reliability of experts* 
pronouncements may also be strongly suggested by the fact that 
ey o ten ex ibit a high degree of agreement with one another, 

il u • . at CaSt *** We ^ ave reason to assume the pronouncements 
^0 ^independent precludes subjective whim. 

Epistemologically speaking, the use of an expert as an objective 
ica or, as illustrated by the example of the diagnostician, 
mounts to considering the expert’s predictive pronouncement as 
« . .^ ra ’ mlrins,c Part of the subject matter, and treating his 
ia n y as a part of the theory about the subject matter. Our 
in ormation about the expert is conjoined to our other knowledge 
ou c ic , and we proceed with the application of precisely 
e same in uctive methods that we would apply in cases where 
no use o expertise is made. Our “data” are supplemented 
by the expert’s personal probability valuations and by his 
judgments of relevance (which, by the way, could be derived from 
suitable personal probability statements), and our "theory" is 
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to reliability may be sufficient to distinguish the real expert from 
the specious pretender. 

1 4 The Dependence of Predictive Performance on Subject 
Matter 

Not only are some experts better predictors than others, but 
subject-matter fields differ from one another in the extent to 
which they admit of expertise. This circumstance is of course in 
some instances owing to the fact that the scientific theory of the 
field in question is relatively undeveloped. The geology of the 
moon and the meteorology of Mars are less amenable to predic- 
tion than their mundane counterparts, although no greater charac- 
teristic complexity is inherent in these fields. In other cases, 
however, predictive expertise is limited despite a high degree of 
cultivation of a field, because the significant phenomena hinge on 
factors that are not particularly amenable to prediction. 

In domains in which the flux of events is subject to gradual 
transitions and constant regularities (such as, say, astronomy), a 
high degree of predictive expertise is possible. In those fields, 
however, in which the processes of transition admit of sharp 
jolts and discontinuities, which can in turn be the effects of 
causal processes so complex and intricate as to be “chance” 
occurrences for all practical purposes, predictive expertise is 
inherently less feasible. The assassination of a political leader can 
altogether change the policies of a nation, particularly when such 
a nation does not have a highly developed complex of institutions 
to ensure gradualness in public affairs. Clearly no expert on a 
particular country can be expected to have the data needed to 
predict specific assassinations; that is. his relevant information 


Then A is perfectly accurate (for example, exactly 60 per cent, or 30, of the 20 + 
30, or 50. cases to which he assigned .6 were correct), but he is only 70 percent 
reliable ; B, on the other hand, is 100 per cent reliable, but his accuracy is quite 
faulty (for example, 100 per cent, rather than 60 per cent, of the 60 cases to which 
he assigned .6 were correct) 
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recovery ‘ in due time” may prove right more often than not and 
yet have no legitimate claim to being classified as a medical 
expert Thus what matters is not so much an expert’s absolute 
degree of reliability but his relative degree of reliability, that is, 
his reliability as compared with that of the average person 
But even this may not be enough In the case of the medical diag 
nostician discussed earlier, the layman may have no information 
that might give him a clue as to which of diseases A and B is the 
more probable, whereas anyone with a certain amount of rudi 


mentary medical knowledge may know that disease A generally 
occurs much more frequently than disease B yet his prediction 
°f A rather than B on this basis alone would not qualify him as a 
reliable diagnostician Thus a more subtle assessment of the 
qualifications of an expert may require his comparison with the 
average person having some degree of general background know- 
ledge in his field of specialization One method of scoring experts 
somewhat more subtly than just by their reliability is in terms of 
their accuracy the degree of accuracy of an expert s pred.c 
lions is the correlation between his persona! probabilities p and 
is c ° r ^ ec ^ ness 10 the class of those hypotheses to which he 
ascri e t e probability p Thus of a highly accurate predictor 
we expect that of those hypotheses to which he ascribes, say, 
P r ° a 1 'ty °f 70 per cent, approximately 70 per cent will 
ven ua y turn out to be confirmed Accuracy in this sense by 
e way, oes not guarantee reliability, 18 but accuracy tn addition 


ink Pmbah 1 , su *’ posc cxperls A antl B each gave 100 responses assign 
among 100 chcces of// and ' % L'follows ,hC COrrCCt allcmat,vc5 


p a n 


2 10 0 

4 20 0 

f> 30 60 
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experts. One obvious implication is that it may dearly be more 
profitable to concentrate limited resources of predictive expertise 
on those portions of a broader domain that are inherently more 
amenable to prediction. For example in a study of long-range poli- 
tical developments in a particular geographic area, it might in some 
cases be preferable to focus on demographic developments rather 
than the evolution of programs and platforms of political parties. 

However, the most important consideration is that even in 
subject-matter fields in which the possibility of prediction is 
very limited, the exercise of expertise, instead of being applied to 
the determination of absolute personal probabilities with respect 
to certain hypotheses, ought rather more profitably be concen- 
trated on the identification of the relevant branch points and the 
associated problem of the relative personal probabilities for the 
hypothesis in question, relative, that is, to the alternatives arising 
at these branch points. 

Even in predictively very “difficult” fields — such as thequestion 
of the future foreign policy of an unstable country— the major 
branch points of future contingencies are frequently few enough 
for actual enumeration, and although outright prediction cannot 
be expected, relative predictions hinging on these principal 
alternative contingencies can in many instances serve the same 
purposes for which absolute predictions are ordinarily employed. 
For example, it would be possible for a neighboring state, in 
formulating its own policy toward this country, to plan not for 
“the” (one and only) probable course of developments but to 
design several policies, one for each of the major contingencies, 
or perhaps even a single policy that could deal effectively with all 
the alternatives. 


t5. Predictive Consensus Techniques 

The predictive use of an expert takes place within a rationale 
which, on the basis of our earlier discussion, can be characterized 
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is virtually certain not to include the precisely detailed know- 
ledge of the state of mind of various key figures that might give 
him any basis whatsoever for assigning a numerical value as his 
personal probability to the event in question. This situation is 
quite analogous to that or predicting the outcome of a particular 
toss of a com; only the precise dynamic details of the toss’s 
initial conditions might provide a basis for computing a probab- 
i ity other than one half for the outcome, and these details again 

of “chTnce COTa ' V UnaVai ' able ’ We ma V l>«e legitimately speak 
of chance occurrences," in the sense that an expert, unless he 

a position 1 tha TT' ' nf0rmation at his dis P»^'. is in no better 
position than the layman to make a reliable prediction 

cri "cilcaus e aM C mn C « nCeS ’ f rticularl> ' in »"= social sciences, the 
CrtLe n a„T?r“ UCh Cha " Ce even,s Predictive 

n h , s "! h ° “ le T e d,fficu, ‘ a " d sometimes impossible, 

.ha. Tr his " ,corc,ica ' machi "-'- 

relative, say, t„ ,he astronomer. competitive position 
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will hinge. Even thouehtfieT 8 00 WhlCh fUtUre . deve,0 P ments 
course or future evem • ex Per. cannot predict the specific 
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fields lead to important consequences for the proper use of 
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personal probabilities, revising their initial independent valua- 
tions in the light of the group work. These separate values are 
then combined by an averaging process to provide our dc estimate. 
The advantage of such a combination of independent values over 
the use of a single generally acceptable group value is that it 
tends to diminish the influence of the most vociferous or influen- 
tial group member. Incidentally, in any consensus method in 
which separate expert valuations are combined, we can introduce 
the refinement of weighting an expert’s judgment so as to reflect 
his past performance. 

Another consensus procedure, sometimes called the “Delphi 
Technique,’’ eliminates committee activity altogether, thusfurther 
reducing the influence of certain psychological factors, such as 
specious persuasion, the unwillingness to abandon publicly 
expressed opinions, and the bandwagon effect of majority opinion. 
This technique replaces direct debate by a carefully designed 
program of sequential individual interrogations (best conducted 
by questionnaires) interspersed with information and opinion 
feedback derived by computed consensus from the earlier parts 
of the program. Some of the questions directed to the respondents 
may, for instance, inquire into the “reasons” for previously 
expressed opinions, and a collection of such reasons may then 
be presented to each respondent in the group, together with an 
invitation to reconsider and possibly revise his earlier estimates. 
Both the inquiry into the reasons and subsequent feedback of the 
reasons adduced by others may serve to stimulate the experts 
into taking into due account considerations they might through 
inadvertence have neglected, and to give due weight to factors 
they were inclined to dismiss as unimportant on first thought. 

We have done no more here than to indicate some examples 
from the spectrum of alternative consensus methods. Clearly 
there can be no one universally “best" method. The efficacy of 
such methods obviously depends on the nature of the particular 
subject matter and may even hinge on the idiosyncrasies and 
personalities of the specific experts (such as their ability to work 
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as follows: We wish to investigate the predictive hypothesis H\ 
we fix, with the expert’s assistance, on the major items of the body 
of explicit evidence E that is relevant to this hypothesis; we then 
use the expert's personal probabilily valuation pp(H,E) as our 
estimate of the degree of confirmation of H on the basis off, that 
is, as our estimated value of dc(H,E). 

This straightforward procedure, however, is no longer adequate 
in those cases in which several experts are available. For here we 
have not the single value pp(H,E) of only one expert, but an 
entire series of values, one for each of the experts: pp,(H,E), 
PPAH.E), and so on. The problem arises. How is the best joint 
use of these various expert valuations to be made ? 14 

Many possible procedures for effecting a combination among 
such diverse probability estimates are available. One possibility, 
an no doubt the simplest, is to select one “favoured” expert, and 
to accept his sole judgment We might, for example. compare the 
past predictive performance of the various experts, and select 
that one whose record has been the most successful. 

nother simple procedure is to pool the various expert valua- 
ions into an average of some sort, possibly the median , or a mean 
weighted so as to reflect past predictive success. 

gain, the several experts might be made to act as a single 
group poo ing their knowledge in round-table discussion, if 
possi e c iminating discrepancies in debate, and the group might 
en, on t e basis of its corporate knowledge, be asked to arrive 
itc ^ nC ® cncra ^ agreeable corporate “personal" probability as 
,° nSCn . SUS ’ would now serve as our dc estimate. (A 
* ," CSS 10 tfl ‘ s otherwise very plausible-sounding procedure is 
c consensus valuation might unduly reflect the views of the 
mos respected member of the group, or of the most persuasive.) 

ne variant of this consensus procedure is to require that the 
experts, a ter pooling their knowledge in discussion, and perhaps 
er e ating the issues, set down their separate “second-guess” 


.K^-iKndrV Kaplan. A L. Skogttad. and M A Gin.hick.'The Prediction 
of S<xa1 and Technological Even u." Pubhc Oprnlan Quarterly. Spnng. I9<0 
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hypothesis stated as to its effects on the situation in question or, 
more typically, a law or quasi-law is formulated, stating that in 
situations of the kind at hand, actions of a certain kind will have 
such-and-such consequences. 

A variant of this is of considerable epistemological significance. 
Instead of describing the situation directly, a model of it is con- 
structed, which may be either mathematical or physical, in which 
each element making up the real situation is simulated by a 
mathematical or physical object, and its relevant properties and 
relations to other elements are mirrored by corresponding 
simulative properties and relations. For example, any geo- 
graphical map may be considered a (physical) model of some 
sector of the world; the planetary system can be simulated 
mathematically by a set of mass-points moving according to 
Kepler’s laws; and a city’s traffic system can be simulated 
by setting up a miniature model of its road net, traffic signals, 
and vehicles . 15 Now, instead of formulating hypotheses and 
predictions directly about the real world, it is possible to do 
the same thing about the model. Any results obtained from 
an analysis of the model, to the extent that it truly simulates the 
real world, can then later be translated back into the correspond- 
ing statements about the latter. This injection of a model has the 
advantage that it admits of what may be called “pseudo-experi- 
mentation” (“pseudo” because the experiments are carried out in 
the model, not in reality). For example, in the case of traffic- 
system analysis, pseudo-experimentation may produce reliable 
predictions as to what changes in the time sequence of traffic 
signals will improve the flow of traffic through the city. 

Pseudo-experimentation is nothing but the systematic use of 
the classical idea of a hypothetical experiment; it is applied when 

15. On simulation in traffic research, see W. H Glanvillc. ”Road Safety and 
Traffic Research in Great Britain,” Journal of the Operations Research Society 
°f America, vol. 3, (1955), pp. 283-299, reprinted in J. F. McCloskey and J. M 
Coppinger, Operations Research for Management, vol 2 (Baltimore, 1956). 
rp 82-100 
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as a group) Indeed this question of the relative effectiveness of 
the various predictive consensus techniques is almost entirely 
an open problem for empirical research, and it is strongly to be 
hoped that more experimental investigation will be undertaken 
in this important field 


1 6 Simulation and Pseudo-Experimentation 

We have thus far, m discussing the intrinsic use of experts or 
of groups of experts, described their function as being simply 
to predict, in the light of their personal probabilities, the correct- 
ness or incorrectness of proposed hypotheses This description, 
while apt in principle and often in practice may prove for some 
instances to be greatly oversimplified 

For one thing, in situations concerned with complicated 
practical problems, no clear cut hypothesis to which probability 
values could be meaningfully attached may be immediately 
discernible For another, several kinds of expertise, all interact- 
ing with each other, may have to be brought to bear simultan- 
eously in anything but a straightforward manner Examples of 
sue cases are provided by questions such as “How can tension 
m the Middle East be relieved >“ ‘What legislation is needed to 
re uce juvenile delinquency 9 ” “How can America’s schools 
improve science instruction 9 ’ Here, before even a single predic- 
tive expert can be used intrinsically, some at least rudimentary 
t eoretical framework must be constructed within which predic- 
tive hypotheses can be stated This, of course, calls for expertise 
o t c extrinsic kind Generally, the process involved is somewhat 
as o lows The situation at hand (say, current crime patterns) is 
analyzed— that is, it is stated in terms of certain specific and, it 
is hoped well defined concepts This step usually involves a 
certain amount of abstraction, in that some aspects of the situa- 
tion that arc judged irrelevant arc deliberately omitted from the 
description Then cither some specific action is proposed, and a 
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of certain members of such organizations and act out what in 
their judgment would be the actions, in the situation simulated, 
of their real-life counterparts . 18 Generally it may be said that in 
many cases judicious pseudo-experimentation may effectively 
annul the oft-regretted infeasibility of carrying out experiments 
proper in the social sciences by providing an acceptable substitute 
that, moreover, has been tried and proved in the applied physical 
sciences. 


17. Operational Gaming 

A particular case of simulation involving role-playing by the 
intrinsic experts is known as operational gaming , a special case 
of which is war gaming. A simulation model may properly be 
said to be gaming a real-life situation if the latter concerns 
decisionmakers in a context involving conflicting interests. In 
operational gaming, the simulated environment is particularly 
effective in reminding the expert, in his role as a player, to take all 
the potentially relevant factors into account in making his pre- 
dictions; for if he does not, and chooses a tactic or strategy that 
overlooks an ■essential factor, an astute “opponent” will soon 
enough teach him not to make such an omission again. 

Aside from the obvious application of gaming to the analysis 
of military conflict— of which there are numerous examples, 
ranging from crude map exercises to sophisticated enterprises 
requiring the aid of high-speed computingequipment— gaminghas 
been used to gain insights into the nature of political and economic 
conflict. In the political field, cold-war situations have been ex- 
plored in this manner; and in the economic field, inroads have 
been made into analyses of bargaining and industrial competition . 19 

!B See. for example, the Amcncan Management Association stud) of Top 
Management Decision Simulation { New York. 1957) 

19 Compare C. J. Thomas and W. L. Decmer.Jr . “The Role of Operational 
Gaming in Operations Research." Journal of the Operations Research Society 



204 


On the Ep stemology of the Inexact Sciences 


true experimentation is too costly or physically or morally im 
possible 16 or, as we shall discuss next when the real world 
situation is too complex to permit the intrinsic use of experts The 
application of simulation techniques is a promising approach, 
the fruitfulness of which has only begun to be demonstrated in 
documented experiments " It is particularly promising when it is 
desirable to employ intrinsically several experts with varying 
specialties in a context in which their forecasts cannot be entered 
independently but where they are likely to interact with one an 
other Here a model furnishes the experts with an artificial, 
simulated environment Within this environment they can 
jointly and simultaneously experiment, responding to the changes 
induced by their actions and acquiring through feedback the in 
sights necessary to make successful predictions within the model 
and thus indirectly about the real world 

, T !-; tcc, ' n ' t l- tends itself particularly to predictions regarding 
the behavior of human organizations, inasmuch as the latter can 
be simulated most effectively by having the experts play the roles 
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subject-matter diversities, especially that between the social and 
the physical sciences. Some branches of the social sciences 
(certain parts of demography, for example), which are usually 
characterized by the presence of a formalized mathematical 
theory, are methodologically analogous to the exact parts of 
physics. By contrast, the applied, inexact branches of physical 
science— for instance, certain areas of engineering under “ex- 
treme” conditions — are in many basic respects markedly similar 
to the social sciences. 

This similarity applies both to methods of explanation and to 
methods of prediction. Partly because of the absence of mathe- 
matically formalized theories, explanations throughout the area 
of the inexact sciences — within the physical- and the social- 
science settings alike— are apt to be given by means of the 
restricted generalizations that we have called “quasi-laws. 
The presence of such less-than-universal principles in the 
inexact sciences creates a different situation for the prospects 
of explanation and those of prediction in these fields. This 
suggests the desirability of developing the specifically predictive 
instrumentalities of these fields, for once the common belief 
in the identity of predictive and explanatory scientific procedures 
is seen to be incorrect, it is clearly appropriate to consider the 
nature and potentialities of predictive procedures distinct from 
those used for explanation. As for predictions in the inexact 
sciences (physical as well as social), these can be pragmatically 
acceptable (as a basis for action) when based on methodologically 
even less sophisticated grounds than are explanations — grounds 
such as expert judgment. 

These general considerations regarding the methodology of the 
inexact sciences hold particularly intriguing implications for the 
possibility of methodological innovation in the social sciences. 
Here the possible existence of methods that are unorthodox in 
the present state of social-science practices merits the closest 
examination. This is particularly true with respect to the prag- 
matic applications of the social sciences (in support of decision- 



206 


On the Epistemology of the Inexact Sciences 


We note in passing that operational games differ greatly in the 
completeness of their rules. These may be complete enough so 
that at each stage the strategic options at the players’ disposal are 
wholly specified and the consequences resulting from the joint 
exercise of these options are entirely determined; this would 
mean that the model represents a complete theory of the phenomena 
simulated in the game. On the other hand, neither of these 
factors may be completely determined by the rules, in which case 
it is up to an umpiring staff to allow or disallow proposed strategies 
and assess their consequences. Umpiring in this sense is yet an- 
other important device for the use of expertise intrinsically within 
the framework of a scientific theory (namely, the model in 
question). 


18 Review of the Main Theses 


Before bringing this discussion to its conclusion, it is appropri- 
ate to pause briefly to review the mam points or the foregoing 
1 ,* era I °, I ? S ' ^ Ur startm 8 point was the distinction between 
f C * aC !. a . nd * he, ;mexact” areasofscience.lt is our contention 
this distinction is far more important and fundamental from 
me standpoint of a correct view of scientific method than is the 
case wit s uperficially more pronounced distinctions based on 

GmZ < i°T S V' V01 5 (,957 >-PP M Mood and R D Specht. 

October 19 iQ^t^c Anat > s,s ' Thc ™nd Corporation. Paper P-579. 
McCloskey and J M ^ ushen ’ "Operational Gaming in Industry,” in J. F. 

(Baltimore! 1956) pp *"7™ o (W AtanaKement ' vo, f 2 
Mnth «!-,»- M..i, 5 1 ^ 75, ^ Bellman et al , "On the Construction of a 

Mull. Msg., M u'n n„„„e„ Gome." JORSA . vol 5(1957). pp 469-503. 

, Traintn!*" " “' lne, ' Wa r Games for Executives A New Concept in Manage- 
“Approaches'^; ti'E"™'”' (l957 >* PP «-56. J C Harsanyi. 

Em«Kn. vol 26 SsTf M R 1 " “'S" M -?’ ’i" 

c.fnitiTimn " vim ■. 5 * F M Ricaardi etui . ’Top Management Decision 
Sunulatio . /fmenarn Management Association ( l 957), and G K Kalisch <>/<>/. 
Some Experimental n Person Games." m Thrall. Coombs, and Davis (eds ). 
Decision Processes (New York. 1954) 
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making, for example), in which the predictive element is prepon- 
derant over the explanatory . 30 

One consideration of this sort revolves about the general ques- 
tion of using expertise We have stressed the importance in the 
social sciences of limited generalizations (quasi-laws), which 
cannot necessarily be used in a simple and mechanical way, but 
whose very application requires the exercise of expert judgment. 
And more generally, when interested in prediction in this area 
(especially for decision-making purposes), we are dependent on 
the experts' personal probability valuations for our guidance. 
A systematic investigation of the effective use of experts repre- 
sents a means by which new and powerful instruments for the 
investigation of social-science problems might be forged. 

Further, the use in social-science contexts of a variety of 
techniques borrowed from other, applied, sciences that are also 
inexact (such as engineering applications and military and 
industrial operations research) deserves the most serious 
consideration. For there are numerous possibilities for deriving 
leads on methods that are also potentially useful in the social 
sciences; ,n particular the use of simulation as a basis for con- 
ucting pseudo-expenments comes to mind. Finally, there is the 
mponant possibility of combining simulation with the intrinsic 
.. . cx F ertls ^’ ^especially by means of the technique of opera- 

... f P ros P ect constitutes a method whose poten- 

or socui -science research has hitherto been pretty much 
unexplored. It , s our hope that this neglect will soon be remedied. 


. , . 13000 Pi'l'l'c-Hioii, 0 f panicular value in this sphere are II Ue 

r .,,,iw" v C ""J' nur ' <New York. 1967) anil Olaf llelmer. Sana! 

ec 1 ' ' \ * lr k 1966) A comprehensive bibliography on prcthclivc 

processes and futuristic methodology is given in K Il.ucr and N Reschcr 
I * aUtfs and the Future (New York 1969) 
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